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FOREWORD 

The  conduct  of  this  study  of  the  nonfuel  mineral  resources  on  the  public  lands  of  the 
United  States  has  involved  a  number  of  concepts  that  warrant  explanation  and  a  great  many 
people  who  merit  recognition  and  the  gratitude  of  the  principal  investigator.  The  entire 
subject  of  minerals  and  the  public  lands  is  as  immense  as  the  public  lands  themselves.  As  a 
result,  it  was  necessary  to  make  some  rather  arbitrary  divisions  of  labor  in  order  to 
accomphsh  the  work  needed  for  the  purposes  of  the  Public  Land  Law  Review  Commission. 

The  first  such  division  of  labor  involved  the  establishment  by  the  Commission  of  the 
various  separate  studies  of  which  this  is  only  one.  Although  minerals  form  essentially  one 
this  single  subjectwas  divided  basically  along  commodity  lines  into  studies  of  energy  fuel 
resources,  nonfuel  resources,  and  several  legal  aspects.  Each  of  these  has  been  covered  by  a 
separate  report.  Of  necessity,  however,  there  has  been  some  overlap  in  the  conduct  of  these 
studies  and  such  is  the  case  also  m  this  report.  In  many  respects  the  facts,  problems  and 
issues  of  minerals  on  the  public  lands  transcend  the  basic  commodity  distinctions  made  in 
both  the  resources  and  legal  aspects  studies.  Consequently  this  report  contains  some 

material  pertinent  to  the  fuel  minerals  and  also  to  some  of  the  legal  aspects  of  all  minerals 
on  the  public  lands. 

The  second  division  of  labor  was  similar  to  the  first  in  that  commodity  criteria  were 
used,  throughout  this  study,  certain  mineral  commodities  have  been  used  to  focus  the  work 
and  the  presentation  ot  data.  These  particular  minerals  have  been  used,  not  only  because 
they  themselves  are  or  have  been  important,  but  because  they  also  represent  broader  classes 
ot  all  nonfuel  minerals.  Thus,  in  some  instances  asbestos  and  gypsum  have  been  used  to 
represent  construction  materials  in  general,  and  copper  lias  been  used  frequently  as  a 
representative  of  the  base  metals.  Where  such  representative  commodities  have  been  found 
to  be  unrepresentative,  the  exceptions  have  been  noted. 

The  tlurd  division  ol  labor  involved  geographic  criteria.  Arizona  and  the  Southwest  are 
part  of  the  general  public  land  area  of  the  Western  United  States  and  as  such  are  relevant  to 
le  subject  at  hand.  Arizona  and  New  Mexico  in  many  ways  are  also  typical  of  the  entire 
Western  United  States.  Furthermore,  Arizona  and  the  Southwest  are  closer  to  the  locale  of 
the  study  contractor  than  any  other  part  of  the  West  and  thus  arc  more  familiar  to  the 
principal  investigator  and  most  members  of  the  project  staff.  As  a  result,  in  order  to  perform 
a  maximum  amount  ol  research  within  the  constraints  necessarily  imposed,  Arizona  and  the 
Southwest  have  been  analyzed  in  somewhat  greater  detail  than  the  remainder  of  the  West. 

herever  it  has  been  appropriate,  however,  and  wherever  conditions  in  the  Southwest  have 
not  been  typical  of  the  entire  West,  detailed  analyses  of  other  areas  have  been  made.  In 
OT.dyT  °verc°me  any  potential  Southwestern  bias,  a  concerted  effort  has  been  made  to 
utilize  data  from  all  parts  ot  the  West  and  to  involve  in  the  study  personnel  familiar  with 
eas  other  than  the  Southwest.  It  is  the  firm  conviction  of  the  principal  investigator  that 
any  potential  regional  bias  has  been  eliminated  from  the  study  report. 

Tilt:  final  division  of  labor  involved  those  persons  directly  engaged  in  the  study  and  to 
whom  the  principal  investigator  is  extremely  grateful.  The  study  was  handled  primarily 
through  the  D, vision  ot  Economic  and  Business  Research  of  the  University  of  Arizona's 
College  of  Business  and  Public  Administration  and  the  Department  of  Mining  and  Geological 

nrXf  h'ngn°T  u,  ,r  Si!y’S  (’°Uege  of  Mines'  The  support  and  assistance  provided  to  the 
?  Jr,  T  rf  l’  Wl  lam  Vor's- Dean  ol  the  College  ol  Business  and  Public  Administration 
and  Dr  j.  D.  Forrester,  Dean  of  the  College  of  Mines,  are  deeply  appreciated  Particular 

R^Tareh  0nrtSnUew  n  TT  ^  Shirlcy’  l)iret,or  °f  ‘he  Division  of  Economic  and  Business 
Research,  and  Dr.  Willard  C.  Lacy,  Head  of  the  Department  of  Mining  and  Geological 
Engineering,  who  also  served  as  associate  principal  investigator. 

A  major  portion  of  the  research  concerned  with  the  geological  aspects  of  the  nation's 
mineral  resources  was  performed  under  a  subcontract  by  E.  Wisser  and  Associates  and 
special  acknowledgement  should  be  made  to  Dr.  Edward  Wisser,  Dr.  Thomas  Nye,'  and 
arles  Sewell  of  that  organization  for  their  efforts.  The  section  of  the  report  concerned 


X 


and  his  associale^^amdy^ProfesToTs 'wflHam'c  Tm"  °f,tlle  combined  work  of  Dr.  Lacy 
Robert  O’Haire,  as  weli  as  v^fng  Pm^or  Anhur6^ ToHh"  Thomas  °’Neil.  and 

historical  research.  Their  contributions  are  most  erimf,  h  d  Wh°  dld  much  of  the  related 
the  faculty  of  the  University’s  Department  of  Economies^  ^P^'afad- Several  members  of 
the  study  and  the  efforts  of  these  men ^^Sofessorr^idin  C'Pca,,ed  in  Various  Portions  of 

Cox,  should  also  be  recognized.  ^  ryson»  Steven  Barsby,  and  Dennis 

Probably  the  greatest  share  of  the  research  that 
by  a  sizeable  staff  of  highly  competent  student  assistant?  h  *?  til,s.8tVdy  was  Perforated 
especially  appreciative  of  the  efforts  of  these  contributor’  ^  * 16  pnnciPaJ  investigator  is 
Cartmill,  Roy  M.  Claridge,  Karen  Daub,  Joel  Perrv  Harrv’  w  i?m,es  M'  Broer>  Charles 
Berlat,  Suzanne  Whitehead,  Gene  Voorhees  Brace  W^d  I"ters’  Carl  Winter>  Patricia  A. 
Moores,  Ronald  Bresnahan,  Edward  Czekai  Th 1™  »  TimotJiy  Houck,  Richard  C 

Dennis  Benusa.  and  Jane,’  MS.  ,n  the  p  oTe"  ofTe  ^ ^  H°Ward 
orderly  compilation  of  reference  materials  became’  l  arch’  the  availability  and 
thanks  are  also  due  to  Mrs.  Christine  Denton  and  Mrs  "paTtr^i"06;-  ^  S°  particu]ar 
Reference  Section  and  to  Mr.  Constantine  Siavelis "J m  P<?  W,®dhoPf  of  ‘he  Division’s 
compilation  of  bibliographical  information8  as  werfs^rMrTi/T8 o' b°  assisted  in  the 
developed,  in  conjunction  with  the  Computer  Center  of  P'  Armstron*  who 

computer  program  for  the  retrieval  of  subject  references  *  University  of  Arizona,  a 

The  subject  matter  of  the  study  was  surh  that  „  u ■ 
necessity  in  the  analysis  of  the  data  as  well  as  m  thl  graph,c .  Presentation  was  almost  a 
principal  investigator  was  indeed  fortunate  in  havine  °f  *hlS  final  report-  The 
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CHAPTER  t 


INTRODUCTION  AND  BACKGROUND 

A.  THE  PROBLEM 

1 .  The  Public  Land  Law  Review  Commission 

The  Public  Land  Law  Review  Commission  was  established  by  the  Congress  of  the  United 
States  in  September,  1964.  The  Commission  was  charged  with  the  statutory  responsibility 
tor  studying  the  existing  laws  and  regulations  governing  the  retention,  management  and 
disposition  of  the  public  lands  of  the  United  States.  It  was  also  ordered  to  review  the 
policies  and  practices  of  the  federal  agencies  that  have  been  charged  with  administrative 
junsdiction  over  the  public  lands  insofar  as  their  policies  and  practices  are  related  to  the 
retention  management,  and  disposition  of  the  public  lands.  The  Commission  was  also  given 
the  specific  task  of  compiling  the  data  necessary  to  understand  and  determine  the  various 

emands  on  the  public  lands  which  now  exist  and  which  are  likely  to  exist  within  the 
toreseeable  future. 

Section  10  of  Public  Law  88-606  required  the  Commission  to  study  and  submit 
recommendations  with  regard  to  all  of  those  federal  lands  that  included:  (1)  the  public 
ornam  o  the  United  States;  (2)  reservations  (other  than  Indian  reservations)  created  from 
e  public  domain;  (3)  lands  permanently  or  temporarily  withdrawn,  reserved  or  withheld 
rom  private  appropriation  and  disposal  under  the  public  land  laws  (including  the  mining 
laws);  (4)  outstanding  interests  of  the  United  States  in  lands  that  had  been  patented 
conveyed  in  fee  or  otherwise,  under  the  public  land  laws  (and  including  the  special  problem 
ot  reserved  mineral  rights);  (5)  national  forests;  (6)  wildlife  refuges  and  game  ranges-  and  (7) 
the  surface  and  subsurface  resources  of  all  such  lands,  including  the  mineral  resources  under 
the  control  of  the  United  States  in  the  outer  continental  shelf. 

In  order  to  assist  the  Public  Land  Law  Review  Commission  in  carrying  out  the  declared 
policy  of  the  Congress  that  the  public  lands  of  the  United  States  should  be  either  retained 
and  managed  or  disposed  o!  in  such  a  manner  as  to  provide  the  maximum  benefit  for  the 
general  pubhc  and  in  meeting  its  specific  statutory  obligations  of  the  Commission,  a  series 
ot  studies  regarding  various  aspects  of  public  land  policy  were  developed. 

2.  Minerals  Related  Studies 

The  Public  Land  Law  Review  Commission  lias  designed  almost  three  dozen  specific 
studies  and  analyses  to  be  performed  by  independent  contractors,  by  consultants,  and  by 
the  executive  staff  of  the  Commission  itself.  Three  of  these  studies  form  a  basic  background 
or  the  problems  of  mineral  resources  on  the  public  lands.  The  first  is  a  History  of  Public 
Land  Law  Development  and  the  second  is  a  Digest  of  Public  Land  Laws.1  The  third  study 
that  also  provides  important  background  data  for  a  number  of  aspects  of  nonfuel  minerals 
utilization  on  the  pubhc  lands  of  the  United  States  involves  a  forecast  of  the  consumption 
Ot  all  commodities  producible  on  the  public  lands  for  the  period  from  1  980  to  2000  4 

A  number  of  other  studies  have  been  developed  by  and  for  the  Commission  that  are  of 

nnh,'r,SPa  D  r,e  euvian?  U>  the  pol,cles  concerning  the  nonfuel  mineral  resources  on  the 
public  ands.  Probably  the  most  relevant  (other  than  this  study,  of  course)  is  a  legal  study  of 

RdaCd  l  !wln5rA|reSTrCf  °f, the  pllblie  lands  involvinS  a  study  of  the  federal  mining  and 
related  laws.  Also  closely  related  to  the  problems  of  nonfuel  mineral  resources  is  the  study 

unon  tlmnTht  '  T™!-  K?°UKes-  A  numl>er  of  other  legal  studies  also  bear  directly 

upon  the  problems  ot  nonluel  minerals  on  the  public  lands.  One  of  these  is  a  legal  study  of 

ealT^m  "a'  b  PHUbliC  a"other  ls  a  ^  «>e  federal mltd^s 

casing  system.  A  third  is  a  legal  study  ot  oil  shale  on  the  public  lands.9  A  legal  study  of 
geothermal  steam  resources  of  the  public  lands'"  also  has  particular,  though  not  general. 
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relevance  lor  nonfuel  minerals.  A  further  resource  study  of  specific  import  to  some  of  the 

file  Urrited  States'*6*  mm6ral  reSOUrC6S  “  ‘ha‘  concemin« the  outer  continental  shelf  lands  of 

In  addition  to  those  studies  concerned  directly  with  the  legal  aspects  of  the  various 
subsurface  resources  of  the  public  land  areas,  there  have  been  a  number  of  other  natural 
resource  studies  of  specific  and  sometimes  limited  relationship  to  the  problems  of  nonfuel 
mmera!  resources.  These  include  a  study  of  outdoor  recreation  on  the  public  lands  12  a 
study  of  the  forage  resources  of  the  public  lands,13  a  study  of  the  timber  resources  of  the 
public  lands,  a  study  regarding  the  water  resources  of  the  public  lands  15  and  a  studv  of 
the  admuustrative  procedures  used  with  respect  to  the  public  lands  16  These  other  studies 
and  the  administrative  procedures  study  are  related  to  the  problems  of  nonfuel  r^neral 
resources  on  the  public  land  primarily  through  the  concept  of  multiple  land  use 

^n°ne^°f  lhe  m°re  than  30  studies  programmed  by  the  Commission  is 
ompletely  independent  from  the  problems  and  policies  of  nonfuel  mineral  resources  on  the 

faxes”  ^deSe3  h‘Udy  SUC\f  ^  T  °n  revenue  sharin«  —  S  Ueu  of 

taxes  has  definite  bearing  on  the  nonfuel  minerals  policy  for  the  public  lands  because 

some  payments  in  lieu  of  taxes  and  some  revenues  from  mineral  resource  royalties  and  sales 

are  shared  and  therefore  fall  into  this  study’s  domain.  Another  study  that  on  wUhdraw  k 

and  reservations  of  public  domain  lands”  also  has  a  direct  bearing  u^  the  wo  WemT  of 

resources  precisely  because  in  many  respects  those  areas  withdrawn  ?or  reserved 

have  been  removed  from  mineral  resource  consideration  and  the  remaining  amount  of  public 

land  upon  which  mineral  resources  may  be  said  to  be  in  existence  has  therefore  been  restricted 

Even  such  subjects  as  land  grants  to  states,19  federal  legislative  jurisdiction  20  and 

regional  and  local  land  use  planning2*  have  aspects  which  are  retevam  to  pf bhc  knd 

nonluei  mineral  resource  policies  and  problems,  even  though  the  nonfuel  mineral  resources 

themselves  may  not  receive  specific  treatment  in  such  studies.  This  is  also  true  of  studies 

fedTf  t“P,  Cnte2f  f°r  determin'"8  *he  maximum  benefit  for  th  general  publfc  o 
federal  public  land  laws  22  and  regarding  policies  relating  to  use  and  occupfCCy  22  analfsCs 

of  user  fees  and  charges  for  public  lands  and  resources,24  and  others  that  may  seem  to  be  of 

thaf'seenf^ra  ther  re  mote"  T  nature' E,:en  other  studies  *ha*  are  concerned  with  resources 
mat  seern^  rather  remote  from  nonfuel  minerals,  such  as  those  on  fish  and  wildlife 

resources  and  intensive  agriculture,2  6  also  have  implications  for  the  problems  and  policies 

of  mineral  resource  development  and  utilization  on  the  public  lands  of  the  United  States 

The  Commission  s  study  of  federal  land  laws  and  policies  in  Alaska27  hac 

implications  for  nonfuel  mineral  resource  policies  because  many  of  the  problems  that  are 

found  in  Alaska  involve  nonfuel  mineral  resources,  but  the  studies  mos^  relevant  to  the 

problems  confronting  the  nonfuel  mineral  resources  on  the  public  lands  are  those 

effectrnan8of  th°e  T’  Le-  CoaI’  oil>  gas>  geothermal  steam,  and  oil  shale  (in 

mltf  h  T  fhe.en1ergy  fuel  ^sources)  and  those  other  natural  resources  which  come  in 
water dHCCK  physi™lf  contact  Wlth  the  nonfuel  mineral  resources  on  the  public  lands  eg 
ater,  timber,  and  forage.  While  all  of  these  various  subjects  are  interrelated  in  order  to 

thaTaH^^f11  1S  necessary  to  deve,°P  specific  analyses  with  specific  emphases.  In  order 

thn1  a!  tOCUS  T  any  °ne  problem  mi8ht  he  obtained,  it  is  necessary  to  treat  others  as 

difi-eren  hsetfd  re  nCarby  bU*  fV”  sideIights-  Thus>  ahhough  the  interrelationships  among  the 
di  erent  studies  programmed  by  the  Commission  and  in  particular  among  the  eight  studies 

of  specific  relevance  to  the  mineral  resources  of  the  public  lands  are  important  hey  can  be 

touched  upon  only  lightly  in  this  report  and  only  as  they  have 

speci  ic  pro  ems  and  policies  of  the  nonfuel  mineral  resources  on  the  public  lands. 
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B.  THE  OBJECTIVES  OF  THE  STUDY 


1.  The  Overall  Objectives 


study  to:  h  resources-  More  specifically,  it  has  been  the  purpose  of  the 

0)whhVidneartif7ral  dfeSCriPti°n  °f  *he  n°nfuel  mineral  sources  of  ‘he  United  States 
Westerrf States^  *°  ‘hOSe  f°Und  pubUc  :a"ds  -  the  H  contiguous 

(2)  provide  information  on  the  relevant  characteristics  (both  technical  and  economic  I  of 
those  mdustr.es  mvolved  in  the  exploration  for  and  the  development  and  “t  on 

contiguous  Western  <bU‘  ^  eXC'USiVe>  refere"“  *>  '  > 

mineral  iniusWesTo  the  ec  °f  ‘hu  rclatio"shiPs  of  the  nonfuel 

~2£2z  assss'g’"*"  -  “» «”"■  «~ 

'4,»K',l,2i”Jr,l!“Z  z":v,h‘r’1,r' ol  ,|» «, ,h, 

StateS;  ’  ’  d  mst,tutlonal  environment,  particularly  in  the  Western  United 

(5>  PrdC  tinfo™a«on  on  the  relationships  between  the  nonfuel  mineral  industries  and 
thl  I!  /1"1113'  anf  POten,ial  uses  of  ‘he  Public  lands  and  natural  resources 

The  noenfue|na  yS1S  f  “T  effeCtS  °‘  the  existing  sys,em  of  Pubhc  'and  policy  upon 
Jesou  “d  "  'ndUStr,eS  3nd  °ther  US6rS  °f  *,le  Pubhc  lands  !md  Batumi 

(?)  Lr%‘de,  eS,lr?ateS  °f  the  effects  °f  Possible  alternative  public  land  policies  with 

such  po,icies  - the 

2.  The  Basic  Hypotheses 

/orPropociy^lated^Ma^J^hl  ^h^andhTorder0.!)^10  C°m™f0'}  as  de‘a“ed  in  the  Revest 

hypothe^^corresp'ondr'to  Tm^jo^section  of  the^shid  W6re  ^^hlped^Each^^he's^tasic 
the  Commission  staff.  f  h  StUdy  requirements  outline  prepared  by 

base^TOeT^re^bask  h^p^jtliesis  IsTat'6865  C°nCern  th6  mineral  industries  and  ‘heir  resource 

The  important  characteristics  of  the  nonfuel  mineral  resources  of  the  United 

sincTlMt)  pa[t,cularly  0/  the  Western  United  States,  have  changed  measurabh 
smee  1860  ands, nee  1947  andean  be  expected  to  change  further  by  mT 

further  by  1985  *  1947  md  Can  be  cxPected  to  change 


••n-r 

*  »  * 

-  k  *,€#^  . 
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The  third  and  fourth  major  hypotheses  concern  the  relationships  of  the  nonfuel  mineral 
hypo^heris Stated  thCa°tn0miC’  SOCla'’  'nStitUtional>  and  Physical  environments.  The  third  basic 

The  roles  of  the  nonfuel  mineral  industries  in  the  economies  of  the  United 
States  and  each  of  the  1 1  Western  States  have  changed  since  1947. 

The  fourth  hypothesized  that 

The  nonfuel  mineral  industries  have  had  measurable  effects  upon  several 
aspects  of  their  physical,  social,  and  institutional  environment. 

In  each  case  emphasis  was  to  be  placed  on  the  relationships  of  the  nonfuel  mineral 

exnectedSbv°  1 9*7  Th^mT"*  ^  ‘7  e"d  of  World  War  11  and  ‘hose  relationship 
the^etected  Iv^abihty  of  da^  de‘enmned  Part‘y  by  aSSUmed  re,eVa"“  and  Partly  by 

basic^hypothesis^vhich  seated ^hat*16868  C°nCerning  enVir0nme"ta,  -Intionships  was  the  fifth 

had'lZal6  u  pubffc  !ands  and  ,resources  h  the  nonfuel  mineral  industries  has 
had  measurable  effects  upon  the  use  of  such  lands  and  resources  by  other 

actwit.es,  and  these  other  activities  have  also  had  measurable  effects  upon  the 
non  fuel  mineral  industries.  JJ  F 

This  last  hypothesis  was  designed  to  serve  as  a  guide  to  the  research  in  examining  the  actions 

°fh  n°n?el  mineral  and  other  resource  users  within  the  economic  social 
institutional,  and  physical  environment.  * 

f  last  three  basic  hypotheses  were  developed  to  be  concerned  directly  with  the  svstem 
of  public  land  policy.  The  sixth  basic  hypothesis  is  that 

,,  Privtat ?  systems  of  mineral  land  acquisition  and  tenure  used  in  the 

mted  States  have  had  measurable  effects  upon  the  nonfuel  mineral  industries. 

Seventh,  it  was  hypothesized  that 

Present  systems  of  public  land  policy  have  had  measurable  effects  upon  the 
nonfuel  mineral  industries  and  other  users  of  the  public  lands.  P 

Finally,  the  eighth  hypothesis  expected  that 

TTtere  are  p°{fntial  alte™tives  to  existing  public  land  policy  which  would 
probably  have  differing  effects  on  the  utilization  of  nonfuel  mineral  resources. 

th  °f  the ,basic  hypotheses  stated  above  then  become  the  focus  of  a  major  section  of 

at  outlined  mTifrr  °  ‘eS‘  •  T  hypotbeses  and  in  order  meet  the  study  requirements 
‘ 3mmISS,on  s  Request  for  Proposal,  a  number  of  specific  sub-hypotheses 

would  nr™*  .h  "S  Were  Sta‘ed  m  the  form  of  sPeciflc  questions,  the  answers  to  which 

needs  omrcommiiton^  a‘'°n  re,evant  ,0  the  e«ht  hypotheses  and  the 

3.  Specific  Objectives 

nm!?enoPirin,ary  objectire  °f  ^  study  became  the  testing  of  the  basic  hypotheses  by 
providing  answers  for  the  detailed  questions  listed  in  precise  detail  in  Appendix  A  and 
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analyzing  those  answers  in  the  light  of  the  stated  purposes  of  the  Public  Land  Law  Review  ~  * . 

Commission.  It  thus  was  not  the  purpose  of  the  study  to  develop  proposals  for  public  land 
legislation,  but  rather  to  provide  factual  information  and  analyses  based  on  fact  and 
experienced  judgement  relevant  to  proposal^  that  have  been  or  may  be  made.  l-  * 

It  should  be  reemphasized  that  it  was  not  the  purpose  of  the  study  to  “prove”  any  of 
the  hypotheses  as  formulated  but  rather  to  test  them  by  the  proper  analysis  of  the  relevant 
and  available  data,  which  could  either  support  them  or  refute  them.  Nor  was  it  the  purpose 
of  the  research  to  answer  all  of  the  specific  questions  as  framed  in  the  affirmative  (or 
negative).  It  was  fully  expected  that  some  of  the  hypotheses  as  stated  would  be  refuted 
while  others  would  be  supported  by  the  findings  of  the  study.  It  was  also  expected  that  the 
factual  answers  to  many  of  the  questions  as  devised  would  not  be  as  initially  anticipated. 

For  some  questions  it  was  fully  expected  that  there  would  be  no  adequate  answer  available 
within  the  constraints  of  time  and  money  imposed  on  the  research. 

The  specific  objective  of  the  study,  therefore,  became  one  of  collecting  and  analyzing 
appropriate  data  to  answer  the  questions  asked  and  to  thereby  test  each  of  the  basic 
hypotheses  developed  and  stated  in  accordance  with  the  purposes  of  the  Public  Land  Law 
Review  Commission. 


v 


»* 


/ 


5 


MONT 


j _ _ 

COLO. 


the  public  lands 
of  the 

WESTERN  UNITED  STATES 


"uministered  By  THE 

■  Nat  I  Forest  Service 

of  Land  Management 


N.  MEX 


6 


C.  THE  METHOD  OF  INVESTIGATION 
1 .  The  Basic  Organization  of  the  Study 

their™ tih'zation;S(2)ei^ron^ntol^ielationship™ and  aT  -0)  'I*  mineral  resources  and 
major  sections  were  subsequently  each  divider?  into  li?  ?merf!s  ln  land  systems.  These 

SU8«‘^^ 

resources  themselves  and  was  focu^d  o^t'he^tesr^15'  77  7"*  Concerned  the  mineral 
second  part  dealt  with  the  search  for  mineral  deposits^  ‘,7  baSIC  hyP°thesis.  The 
was  focused  on  the  study’s  second  basic  h,  Tu  ’ their  deve|opment,  and  utlization  It 
characteristics  of  nonfue.  and 

concerned  the  role  of  the  mineral  indMtifes'in^the^c*1611  'nt°  SeVera'  parts’  The  first 
delved  into  the  relationships  between  the  nonf uH  nf-  T'C  env,ronment-  The  second 
various  aspects  of  the  ohvsical  mH  •  ,  n  .  ueI  mineral  resources  and  industries  and 
relationships  between  mSf  The  ‘^involved  a  stdy’ of  the 

distinction  between  the  second  and  third  parts  in  m  7  °f  the  pUbl,c  ,ands*  The 
than  specific  subject  matter.  P  cases  was  one  of  emphasis  rather 

parts.h The| ^rst  ^ealt 3 wit ^  nh n eral ?  lan d^y  stems  und^  IT'I  Wt°  three  P"™pal 

rr °f z  “«"Zd  isZ 

alternative  public  land  systems  "d  tast  Part  provided  a"  analysis  of  proposed 

2.  Scope  of  the  Study 

land^i ^Vr^L^to^rnTumel' mintar  *,,“‘r,!,e  ^  °f  great“‘  m“-st  for  pub.ic 
of  the  Western  United  States  compr  e7of  the  n “st  ?S  7 'be,Unifed  States  is  that  region 
Arizona  New  Mexico,  Colorado,  Utah  Nevada  Ida  uflt  T  '"8'0"’  °regon,  California, 
assumed,  however,  that  other  areas  of  theTation  mtht  Z™'  and  Wyom,ng-  ft  was  also 
certain  restricted  aspects  of  the  study.  1  a  so  )ave  some  specific  relevance  in 

relevance  for  pubh/tonTpoUcy  ar^thoseTlT  .n°n,uel  mineral  industries  of  greatest 
metals,  iron,  copper,  7eadPOz,'nc,  "gold^slef in  ",e  P^ucLZ'Z 
beryl  hum,  and  uranium,  and  of  the nonmttalL tUngften>  "kkel.  mercury, 
asbestos,  and  limestone.  It  was  also  assumed  Phates,  potash,  sodium  compounds 
particular, y  some  of  the  non-metahics  may it  beZ^’,  <lthei  minerals,’ 

addition,  it  was  assumed  that  the  nonfuel  mineral  i,„  f  relevance  ,n  certain  respects.  In 
production  of  other  products  (e.g  sand  and . itl I* S  dcfined  in  ‘otal  involve  the 

considered  relevant  for  the  purposes  of  the  studv  were  ’  *"  ,‘'r'  ?ypsum)  which  although 

specific  commodities  mentioned  previouslv  V  considered  to  be  represented  by  the 
It  was  assumed  for  Durnncpe  nr  n  .  , 

studied  are  those  for  wKthe  Conimission yhas "been6  Tf  re,evant  Publie  lands  to  be 

m,b.IOn,  0  01  Public  Law  88-606.  These  are  all  ,h  ,6  fn,ade  0"'™%  responsible  under 
public  domain  ot  the  United  States-  ( r  ■  lost  ^edtral  lands  included  in-  (1)  the 

from  the  public  doniain  n,  '^;'^  ''3'1,0''5’  other  ,l,an  'ncJian  reservations  created 

withheld  from  private  appropri  ,on  aXnn  t*  ”  ^Pomrily  withdrawn  reserved  or 
mining  laws;  (4)  outstanding  toteJUb  of The  ,“77  I"*  PUblic  land  '»*■  including  the 
rights)  in  lands  patented,  conveyed  in  fee  or  ,.7  ”  ■  States  ‘‘"eluding  reserved  mineral 
national  forests;  (6)  wildlife  ranges  and  recces  and  r^rn  U"der  ,he  publie  la"d  'aws;  (5 
of  all  such  lands.  8  8  'd  retuges’ and  <7>  ‘he  surface  and  subsurface  resources 
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Bureau  of  ReclarAatjofr 
Denver,  Colorado  . 


(e.g.,  court  or  congressional  testimony)  concerning  the ^ !™a?‘,y  available  public  data 
various  relevant  economies,  the  several  phases  of  miner, I  ^’lb  lc  lands  and  resources,  the 
land  using  activities.  Much  of  this  infomfationT^  ,n1d“frV  activity,  and  other  public 
collect  on  of  the  Division  of  Economic  Sch  at  Vn  refere"“ 

The  second  general  type  of  information  required  »?«  ,u  !  16  Univers'ty  of  Arizona, 

agencies,  including  the  Pubhc  Land  Law  Review  rvl  H  COmpiled  by  other  public 
Contractor.  Included  in  this  general  category^  **?*’  a"d  provided  ‘he 

being  done  for  the  Commission.  I  J  in‘ormation  available  from  other  studies 

in  the  nonfuef  mill'raMnduLries"  Needed*  tafor^tfon  wl"^  ‘T™  PriVa‘e  firms  °Pera‘ing 
anety  of  mineral  industry  sources  Th#»  f  +u  s  in  fact  obtained  from  a  wide 

was  that  already  available^  S £  “^0^,  t  “T'™  to 

Two  moderately  extensive  mail  surveys  desiened  to  vi  ,™  bers  ol  ,he  project  staff, 
and  governmental  sources  were  included  wiihin  ?he  scot  of^mary  data  from  both  Private 
the  severe  time  limitations  imposed  on  the  study  prevent  ,nres,,8ation-  Nevertheless, 
use  of  primary  information.  y  prevented  any  substantial  development  or 

hnutedtfstt  tl^trLtkhrheTo^  ^  Ways'  -bject  matter  was 
types  of  minerals  involved  were  limited  to"'!'!5'011  WaS  pnmanly  concerned.  Second  the 
considered  to  be  the  most  sigSanUn  nuhll  !  f  metaIlic  and  "on-metallic  mmtals 

da°tantT  r,?d'ly  available-  Third,  the  breadth  ar^deMhof  p"  Which  apProP™te  data 
data  utilized  were  limited  in  an  attempt  to  achieve  rS  f  ,S"8at'on  and  ‘he  sources  of 
time  and  money  imposed  under  the  contract  op,,mum  "suits  within  the  constraints  of 

3.  Methods  of  Data  Collection  and  Analysis 

studyfan^ht  X^tthtoth  ^  *  *• 

portion  of  the  study,  indeed  for  each  specific  ques  ion  H16^*^6  considerable.  In  each 
analysis  were  designed  to  be  most  appropriate  to  ^  ^1  bods  ?f ' da‘a  collection  and 

Z°r\°f  re'eVant  Intocntation  within  a  minimum  tTmf  hT'  ^  *°  yield  a 

itir  a“  -m.™  Sirrrrr^rr: 

portion  of  the  data  on  nonfuel  mineraTresources  and  1nd°T  VTty  °f  S0Urces-  A  ™i°r 
the  recognized  journals  in  the  subject  field  Lt?nd-  d  .‘i?  technolo8V  were  taken  from 
Geology,  Engineering  and  Mining  Journal  journal  'of  ^‘7^  .BnSineering,  Economic 
Congress  Journal,  and  others.  In  Addition  a  number  ^XPi°7  GeoPhyEcs,  Mining 
works,  including  Geology  of  the  Porvhvrv  Conner  It  an2dard  textbooks  and  reference 
Industries™,  Industrial  Minerals  and T  '  Economics  of  the  Mineral 

pubtotions  of  the  United  States  Geological  Su’rvev  the  I  1^7  H^,ere  USed'  The  numerous 

the  United  States  Bureau  of  the  Census  as  in  Z  ’  ^  States  Bureau  of  Mines,  and 

of  Commerce  a”d  Interior.  were  hicewisf  use^T8  °  ^  at8e,lCieS  °f  *he  Departments 

bibliographical  sections  of  the  study  report  '  A  COmple,e  llst  ls  provided  in  the 

proceedings  of^peciarsym^osia^such  nfih^3'^  this  Por'ion  of  the  study  were  the 
to  Public  Land  Use  (held  at  The’ University *<  ympHslu™  on  American  Mineral  Law  Relating 
Computers  and  Computer  a"d  tbe  S6Veral  sVmposia  on 

I  niversity  of  Arizona,  the  Colorado  Scfmni  f  m  g  dn<l  ^xP*ora^on»  sponsored  by  The 

Stanford  University,  as  well  as  unpublished  reonrTf  Pe"nsy'vania  Sta‘e  University  and 
which  were  readily  available  in  the  of 
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exnlnrltZ  ft™  ab.?  made,  of  ,nformatio11  obtained  from  individual  mining  and 

exploration  firms,  primarily  on  the  basis  of  mail  questionnaire  returns  from  a  limited  but 

representative  sample  of  such  firms.  A  certain  number  of  meetings  and  direct  information 
requests  were  also  arranged  with  knowledgeable  persons  in  mining  and  exploration  firms 
appropriate  government  agencies,  and  professional  organizations 

In  analyzing  the  quantitative  data  obtained  in  this  portion  of  the  study,  standard  time 
senes  analysis  and  other  generally  accepted  statistical  techniques  were  used  These  are 

fZvdfV"  f“  6163161  d6tail  “  th®  methodological  appendix.  Throughout  much  of  the 
alysis,  however,  non-quantitative  procedures  were  used,  either  because  of  the  qualitative 

information.^6  “*“*  matt6r  "  b6CaUSC  °f  *he  availability  of  adequate  quantitative 

.l"  c°mP'ilng  and  analyzing  the  data  necessary  to  test  the  specific  working  hypotheses 
developed  for  the  second  part  of  the  study,  extensive  use  was  made  of  statistical 
mfoimation  supplied  by  the  Commission.  Such  information  was  supplemented  by  additional 

a  VeV“^v  oeffnzeonn?  °f  ^  DiVf°"  °f  Econo^  a"d  Business  Re“ 

In  analyzing  the  quantitative  information  needed  to  test  the  validity  of  the  several 
sped  ic  lypotheses,  the  statistical  techniques  used  were  relatively  simple.  Again  these  are 

Election  of  Z  ln  *r6  S,ta,,’St'Cal  apPendix  Provided  to  explain  those  techniques  used.  The 
selection  of  the  specific  techniques  to  be  used  in  the  analysis  was  made  by  the  principal 

t:itirn^mdt,d:;:;ih^)ti!^,enstics  of  the  data  and  -  <  ‘pp^**  for  the 

i  KAlnIUull,aS  possible>  both  original  data  and  the  analyses  of  the  data  have  been  presented 
in  both  tabular  and  graphic  form.  Sufficient  original  data  have  been  presented  to  support  all 

S:;  iT“he,d'  ?ereT  eXt6nSiV6  “ts  supporting  data' "lave  timded 
to  detract  trom  the  textual  and  graphic  presentations  of  the  research  findings  they  have 

beeny  presented  in  suitable  appendices.  This  practice  was  followed  throughout’  the  Entire 

In  compiling  and  analyzing  the  information  necessary  to  test  the  specific  world™ 
ypotheses  involved  in  the  study  of  the  relationships  between  mineral  resources  and  the 
B  ?  r  socla' 1 environment,  a  wide  variety  of  sources  was  used  to  provide  information 
of  severe!  ypes.  A  large  proportion  of  the  information  was  obtained  from  journals  and 

other  standard  publica,jons  in  the  fje|ds  of  mini  geography  forest  water 

dima  ’  agr0rTy>  range  management,  civil  engineering.  uVbm  planntag  land  economics 

requests’1  were6 made  T™"16"131  C°"tro1-  a"d  recrea«°"-  >«  addition,  direct  inZmaTn 

masters  al  l  ™  ,h  T  P<T"S  in  these  and  rela,ed  specializations.  Available 
masters  and  doctoral  theses  in  these  subjects  were  also  reviewed 

oort^Tr:,1  agen,cies  "ere  ab'e  t0  Pr°vide  eonsiderable  amounts  of  data  for  this 

ageZks  a  reidv  IvaLhle  '°n  ‘°  th6  PUblications  of various  relevant  federal  and  slide 
g  nues  already  available,  reviews  were  made  of  testimony  compiled  in  Forest  Service  md 

Bureau  of  Land  Management  hearings,  and  meetings  were  held  with  selected  members  of 
6  :0s0pZ,“nSgroZ6  rec,6Vant  i"f0rma,i°n  W3S  °b,ai"6d  privaZoiganizations 

^.tioS^i  rZ^.c2,ST,n  soc'6t,cs’  fan,lers’  organi2atfo"s-  aild 

Wherever  possible,  quantitative  analytical  techniques  were  used  Simple  descrintive 

nc  uZZeXeth.7re  3lSO  aPPr°Priate  in  a  "Umbc'  or  instances  in  ttasP  ZtZ  P™ 

foZ  SU'tS  that  were  aPPropnate  for  presentation  in  graphic  as  well  as  in  case  study 

In  compiling  and  analyzing  the  information  necessary  to  test  the  specific  worhin. 

ey:a£  s  srs 
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comparisons.  Again,  however,  quantitative  techniques  were  used  wherever  thev  were 
considered  appropriate.  vncrever  tney  were 

In  compiling  and  analyzing  the  information  necessary  to  test  the  validity  of  the  specific 

systems)  a”, ltd  W“T'  ‘°  lpriv#te  ^  Oncludmg  slTehnd 

systems)  a  limited  number  of  widely  dispersed  sources  was  used.  For  the  most  oart 

ZZr  da  t."1'  obta,ned  '[om  Private  flrms  a"d  trade  associations,  partly  by  mail 
nh,,,'  ;  6'  TheSC  WE?  suPPtemeBted  by  information  on  state  mineral  and  land  laws  as 

obtained  from  appropnate  state  agencies  throughout  the  West.  Some  information  was  also 
b tamed  by  direct  inlormation  requests  to  selected  individuals  and  from  the  records  of 
court  proceedings  and  legislative  hearings.  The  analytical  techniques  employed  were  largely 

^  descriptive.  Projections  of  quantitative  data  where  necessary  were  made® on 
the  basis  of  widely  used  forecasting  techniques. 

In  compiling  and  analyzing  the  information  necessary  to  test  the  soecifir  hvnr»th*»«»c 
relevant  to  the  analysis  of  alternative  systems,  the  primaries  used  Zre  the  contactor 
per  ormmg  the  related  legal  study,  the  other  portions  of  this  study,  the  personal  judgements 
of  the  researchers  involved  in  this  study,  and  other  resource  persons  as  deemed  appropriate 
?  .^ata  ,wer^  a"a,yzed  uslng  simple  comparative,  qualitative  methods.  Wherever  possible" 
for  £tfaCttS  °f  aIternatlve  methods  have  been  expressed  in  quantitative  terms  and  the  bases 
for  estimation  concisely  explained  and  made  available  for  use  with  other  alternatives  that 
may  be  developed  after  the  completion  of  this  study. 


4.  Presentation  of  Findings 

.  7be  results  of  **“8  study  of  the  nonfuel  minerals  on  the  public  lands  of  the  United  States 
have  been  organized  into  several  sections  for  presentation.  This  first  section  includes  only 
introductory  material  and  the  background  to  the  problem.  The  second  section  presents  a 
discussion  of  the  study  s  findings  regarding  the  mineral  resources  themselves  PWherever 

toTh'e  st’aZca,  apTendtx”  PreSen‘ed  g"PhiC  f°m  Wi*h  de‘aUed  SUpp0rtin*  data  re‘^d 

The  third  section  of  the  study  includes  the  material  on  the  utilization  of  mineral 
resources  and  contains  chapters  on  minerals  exploration,  development,  production  and 
marketing.  As  in  the  first  section,  wherever  possible,  the  results  of  the  ^search  have  been 

PppZkes8raP  C  y’  W“h  de‘a,led  SUPP°rt  data  Provided  ^  ‘he  appropriate  section  of  the 

Section  four  of  the  study  report  presents  information  relevant  to  the  environmental 
relationships  of  the  mineral  industries.  This  section  includes  chapters  on  the  economic 
physical,  social  and  institutional  environments  and  on  the  interrelationships  between 

ex tenTp ossible°  PUb''C  ‘andS'  Again’  reSUlt<i  are  Prcsented  graphically  to  the  fullest 

Jhe  and  hnal  section  of  the  report  proper  includes  the  various  analyses  of  the 
xisting  land  system  and  proposed  alternatives.  The  sixth  section  includes  all  of  the  report’s 
appendix  and  bibliographical  material  as  well  as  a  subject  index. 
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and  Riordan,  Los  Angeles,  California. 
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CHAPTER  2 


BASIC  CONCEPTS  OF  ECONOMIC  GEOLOGY 

A.  THE  STUDY  OF  GEOLOGY 


1.  Physical  Geology 


Geology  is  literally  the  study  of  the  earth,  its  surface  and  its  depths,  in  all  its  physical 
aspects.  As  are  most  scientific  disciplines,  geology  is  itself  further  divided  into  a  number  of 
basic  branches  which  are  in  turn  divided  into  more  specialized  realms.  Physical  geology  deals 
with  the  physical  behavior  of  the  earth,  how  it  was  formed,  and  the  processes  which  have,  or 
have  had,  effects  upon  it.  Geophysics  is  the  more  specialized  study  of  the  physical 
properties  of  the  earth  (e.g.,  its  vibrations,  density,  and  magnetism),  the  basic  physical 
forces  which  affect  it  (e.g.,  gravity),  and  the  effects  of  these  forces. 

2.  Historical  Geology 

Historical  geology  deals  with  the  history  of  the  earth  as  a  physical  entity.  The  earth  that 
we  know  is  apparently  more  than  four  billion  years  old,  and  has  had  an  extremely  complex 
life.  At  one  time  or  another  large  portions  of  what  are  now  the  continents  were  covered  by 
seas  or  glaciers.  Across  the  face  of  the  earth,  vast  mountainous  regions  have  been  formed 
and  subsequently  destroyed  through  erosion. 

The  sedimentary  rocks  formed  in  ages  past  by  chemical  precipitation  in  seas  and  lakes 
and  by  the  deposition  ot  transported  rock  and  soil  particles,  together  with  the  fossilized 
remains  of  plants  and  animals  in  these  rocks,  provide  a  record  of  these  past  events.  A 
knowledge  of  the  distribution  and  thickness  of  such  rocks  en babies  those  geologists  interested 
in  the  earth’s  physical  history  to  outline  the  boundaries  of  ancient  lakes,  rivers,  and  oceans. 
The  character  of  these  sedimentary  rocks  gives  clues  to  their  environment  during  formation, 
the  sources  ot  the  sediments,  and  the  location  of  ancient  mountain  chains.  T  he  relationships 
of  various  sedimentary  rock  types  to  each  other,  their  thicknesses,  and  the  types  of  fossils 
present  in  them  give  evidence  of  the  lengths  of  time  involved  and  the  relative  ages  of  the 
different  rocks.  The  study  of  these  characteristics  is  termed  paleontology. 

Historical  geology  also  involves  study  of  the  ages  of  igneous  and  metamorphic  rocks, 
whose  formation  has  often  been  related  to  periods  ol  mountain  building.  By  measuring  the 
ratios  ot  radioactive  elements  found  in  existing  rocks  to  their  decay  products,  an 
approximation  of  the  absolute  ages  of  these  rocks  can  be  made  by  those  concerned  with 
geoch  ronology. 


3.  Mineralogy  and  Petrology 

Mineralogy  and  petrology  are  concerned  with  the  chemical  composition,  physical 
characteristics,  nature  of  formation,  occurrence,  and  atomic  structures  of  minerals  and 
rocks.  A  mineral  is  defined  as  an  inorganic  substance  which  naturally  occurs  in  the  earth’s 
crust  and  which  has  a  definite  chemical  composition  (or  range  of  compositions)  and  usually 
a  definite  crystalline  structure.  Minerals  are  the  component  materials  of  all  rocks  and  soils. 

Petrology  involves  investigation  of  the  mineral  and  chemical  composition  of  rocks,  and 
the  various  chemical  and  physical  processes  which  led  to  their  formation.  A  closely  related 
and  overlapping  field  of  study  is  geochemistry,  which  is  concerned  with  the  chemistry  of  the 
earth  and  its  rocks  and  minerals,  variations  in  their  chemical  content  and  in  the  chemical 
processes  which  form,  preserve,  transport,  or  destroy  them.  Certain  types  of  chemical 
processes  involved  in  weathering,  lor  example,  can  cause  the  formation  of  economic 
deposits  ol  copper,  nickel,  and  aluminum.  An  understanding  of  the  chemistry  involved  in 
the  formation  of  specific  mineral  deposits  is  thus  quite  useful  in  mineral  exploration, 


13 


4.  structural  Geology 

of  ro  c^fonna^ioo  re  la  five  * ,  ’i*ra  ”  c  ^  °f  geology  concerned  with'  the  atft  h 
formations  to  arrive  at  their  e?Ch  other.  the  sequence  of  event  l  udes  and  positions 
events.  The  forrr  md  Lo  v  ex?t“*  configurations  and  the  S  S  W'UCh  caused  these 
other  have  frequently  rhTU  C,,°  dlfferent  rock  formations  and  reSponsib,e  for  these 

the  earth’s  crust  may  halted  different  perio^  of  geXricTT  TWpS  ‘°  each 
a  series  of  folds  or  mn*  !  originally  horizontal  rock  form  ?•  ^lstory-  Movements  of 

interior  of  /he  arth  ™P„  T*  ^  Molten  rock  (mTlllT,  CrUmpled  «*",  into 
along  a  fracture  may  haVe  arched  °ver-lying,  *‘s  «y  up  from  the 

The  geologic  map  is  one  of  «.  ,0™at,ons  or  cut  through  them 

relationships.  Usually  not  all  of  /h  "  t°°k  °f  structural  geology  which 

surface,  however,  and  it  is  Jtrl  key  structnral  relationships  are  ev  h<T  known  r°ck 

'he  most  logical’  inte^  t^  project  the  known  info™ f  ear‘h’S 

puzzles  IS  vital  to  the  discover  oZZ  suTmin^ ^1^ 

5.  Economic  Geology 

environments.  'Many  spedfiTmii  “'"1  r°Und’  under  a  variety  of  ch  • 
associated  with  particular  rock  deposits  are  characteristically  rh?’"3  and  physica' 
geology  involves  the  theories  of  f,™S,and  structural  conditions.  The  !!  exclusively) 
favorable  for  thf»ir  ermation  of  different  min#»r  t  /  •  ^  of  economic 

exploration.  A  broad  knowte?’  ***  the  different  methods3  and^^h  environm™ts 
themselves  but  of  the  othp  ^  and  understanding  not  onlv  of  e<?|?ni^ues  mineral 
therefore  necessary  "  !  fie'ds  of  8e°l°gy,  including  aei„h,f  SPeC,f,c  mineral  dep°sits 

Physical  properties  of  the  earth' ande°tOSy'  Geophysical  instruments <*which0ChemiStry’  is 
structural  and  mineraloairai  r  f  d  lts  resP°nse  to  electrical  ,,,  Jl*  measure  the 
Geochemical  prospectinp  n  ca,ures  sometimes  related  to  en  ts  are  used  to  detect 
areas  and  det  mally  en,ai,s  Meeting  s^ail  rock  andT'f  mineral  deposita- 

concentrations  Tspedfi'  T,  ““T  °f  the  “"pies,  the  locJon  f  0ver  *•>» 

Romanes,  may  overhe  or  he  h  ,°r  minera,s-  ™ese  abnormal  °  ^'-than-nonnal 
Economic  geoloev  a •  j  e  displaced  laterally  from  a  u  oncentrations,  called 

the  mineral  industries  i^  order  familiarizationwrth  mining  meThods^and  ('h'"""31 
exploration.  °  evaluate  the  merits  of  individual'  deposit  orUrgel^for 
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B.  THE  COMPONENTS  OF  GEOLOGY 


1 .  Minerals 


A  mineral  is,  by  definition,  any  naturally-occurring  element  or  inorganic  substance 
having  a  definite  (or  variable,  within  fixed  limits)  chemical  composition  and  crystalline 
structure.  Deposits  of  coal,  petroleum,  and  naturally-occurring  brines  do  not  fit  such  a 
rigorous  definition  but  have,  in  generic  terms,  also  been  considered  minerals,  principally 
because  they  are  not  readily  identifiable  as  either  animal  or  vegetable.  Supplies  of 
p’oundwater  have  also  been  described  by  some  (particularly  in  portions  of  the  Southwest) 
to  be  mineral  in  character,  again  principally  because  water  is  a  naturally-occurring  substance 
tound  in  the  earth  s  crust  that  is  not  organic  in  origin. 

2.  Rocks 

Rocks  are  solid  cohesive  aggregates  of  one  or  more  types  of  minerals,  which  have 
tormed  as  a  result  of  the  various  geologic  processes.  Rocks  are  classified  not  only  according 
to  their  mineral  content  but  also  in  accordance  with  their  mode  of  formation,  grain  size,  and 
p  ysica  appearance.  For  example,  the  rock  called  mudstone,  under  proper  conditions  of 
compaction,  will  become  a  shale.  Further  compaction  with  greater  development  of  parting 
pane*  ^  chf18e  the  shale  to  slate.  As  another  example,  part  of  the  same  magma  from 
which  the  rock  we  call  granite  crystallized  at  depth  might  have  ascended  to  or  near  the 
surface  and  crystallized  as  a  fine-grained  granite  equivalent  called  rhyolite. 

Rocks  are  generally  classified  first  by  their  mode  of  formation  and  then  by  their 
chemical  composition  and  granular  texture.  Igneous  rocks  are  those  that  have  been  formed 
by  the  cooling  and  solidification  of  magma  or  molten  material,  either  beneath  the  surface  of 

f  C  u  °r,a  tCr  exPosure  to  the  atmosphere.  Sedimentary  rocks  are  those  that  have  been 
tormed  by  the  compaction  and  solidification  of  loose  mineral  and  rock  particles  deposited 

Jhe  uCtu°u 1 5  °f  W!nd’  water’  chemical  reaction,  and  gravity.  Igneous  and  sedimentary 
rocks  which  have  undergone  extensive  change  sufficient  to  alter  their  mineral  composition 
are  termed  metamorphic  rocks. 

All  igneous  rocks  rich  in  silica,  aluminum,  sodium,  and  potassium  are  called  acidic,  and 
may  be  similar  to  granite  or  rhyolite  in  chemical  composition.  Igneous  rocks  rich  in  iron 
magnesium  and  calcium  are  called  basic.  Basalt  is  a  fine-grained  basic  rock  usually  occurring 

eminent ^7/?f  ,VO  Canic  actlvlty»  ar»d  gabbro  is  the  coarse-grained  intrusive  chemical 
equivalent.  Ultrabasic  igneous  rocks  are  extremely  rich  in  iron  and  magnesium 

intPrmpnfL  monzonite  are  coarse-grained  igneous  rocks  having  compositions 
intermediate  between  granite  and  gabbro.  If  these  intermediate  rocks  are  rich  in  the  mineral 

pnnivtu  fCy  m?y.-  6  Caded  diorite,  or  quartz  monzonite.  Fine-grained  volcanic 

q  n  s  are  atite,  quartz  latite,  andesite,  and  dacite.  Some  intrusive  igneous  rocks  and 
ny  volcanic  rocks  contain  scattered  coarse-grained  minerals  surrounded  by  much 
tiner-grained  minerals,  like  raisins  in  rice  pudding.  These  rocks  are  called  porphyries. 

mav  Cf  lmentary  roc^s  may  form  in  place  (e.g.,  the  laterites )  as  residual  deposits  or  they 
yn  OTm  W  lere  dfposited  ,n  t,ie  bottoms  of  valleys,  river  and  stream  channels,  lakes, 
oceans,  swamps,  or  agoons.  Evaporite  deposits  (e.g.,  salt,  gypsum,  trona,  and  potash)  may 
orm  m  sheltered  lagoons  or  lakes  where  the  rate  of  evaporation  is  very  high.  Some 
ckpt li°ne  r°rma^?nS  C^ns‘st  almost  entirely  of  accumulations  of  calcium  carbonate 
a  °,r  P,3nts  which  ,ivcti  in  water-  Coral  reefs  are  an  example  of  (his.  Other 

a  P  a?t  h  e,have  s,1,ceous  skeletons  which  settle  to  the  bottom  of  lakes  and  seas, 
nning  deposits  ol  diatomaceous  earth.  More  common  sedimentary  rocks  are  those  formed 

i*11  le  Pr°  ucts  o  erosion,  including  shale  (from  mud  and  clay),  sandstone  (from  sand), 
and  conglomerate  (from  gravel). 

Metamorphic  rocks  are  designated  most  often  according  to  their  characteristics. 

L  mestones  which  have  been  changed  to  a  crystalline  form  are  called  marble.  Shales  are 
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Unconsolidated  sediment 

““eys'n^  Which  h^e  been 

deposition,  however,  are  never  rnnet  *han  are  coarser  particles  Th  f  6’  ^  deposited 
of  deposits  containing  a  CTD“nt  Periods  of  ^pidTostn  ™  rates  of  erosion  and 

Sand’  ■«.  or  clay.  Volca^J Tf'0"  °f*rave'>  which  MoveS  ■'*'**  the  formation 
unconsolidated  sediments,  although ft°m!ceous  earth,  and  limy  q1weter  periods  by 

jjvmg  organisms,  and  the  last  r,rst  B  Pr°duced  by  igneous  ^  3SO  considered 

deposition.  the  1381  by  chemical  precipitation  ZhT  the  «»nd 
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c.  THE  PROCESSES  OF  GEOLOGY 

1.  Igneous  Processes 

surface?  depth^of  ^everaftens^ff  miles  "^the  material  8r3h'lJh^y  fUh  diStance  below  ‘he 

(depending  on  its  composition)  mav  he  t  matc,nal  whlch  makes  up  the  earth’s  crust 
called  magma,  and  noLlly  is  ™ss  dens  tha„TP  Y  This  materia™ 

subjected  to  the  pressures  of  overiyh,g  materia!  h  ’l'"8  S°‘ld  r°ck'  As  the  magma  is 

zones  in  the  earth.  This  process  by  whfch  ’  V  be  S(Jueezed  upward  along  weak 
Magma  which  has  cooled  and  solidified  is  calledan  ?enetrates  folid  rocks  «  called  intrusion 
~  and  *-*  are  both 

IndTord  f01  fiSSUreS  in  ‘he^artVs^rust^hiThe^process'bio011*'  eXP'°SiVely  °r  S,°^> 

and  solidification,  the  igneous  rocks  thm  fnm,  ^  Cess  ^riown  as  extrusion.  Upon  cooline 
magma  which  pours  outover  th^s^e™  ,,'’!!  VoIcanic  or  rock'^ 

however,  the  magma  erupts  so  raoidlv  anH  i  •  e?  ava’  as  ,ong  as  1S  molten  Often 
small  particles  which  solidify  in T^okal  ^h  or  f  ^  *  that  *  is  frag-ented  into 
volcanic  bombs  may  also  be  formed  When  thp  ^ ^arger  Particles  called  cinders  and 
become  compacted  into  rock,  cTed  Zfr  No  ^ *°  the  ground’  *  -ay  m  time 
activity  pours  out  over  the  surface,  and  some  of  it 11  ^  associated  with  volcanic 

sur  ace,  so  that  dikes,  necks,  and  plugs  of  igneous  rockTe'fo™^^  aVenUe  °f aSCent  near 

2.  Weathering  and  Erosion 

Physical  and°X°m!cal  processes’ Ts®  called  °L  uhZ  **  rf  "ear  the  earth’s  surface  by 
normally  carried  off  by  erosion  Ahern-. h  ueatflermg •  The  products  of  weathering  are 
cracks  of  rocks,  and  abrasion  by  d  ZZVl  Z  ^  ,he  exPa"d‘"g  action  oTfcet 

down ,  physically.  Water  percolaring  into  the  ground'd °r  by  Water’  3,1  b™h  rocks 
andjorms  ac^c  °r  basic  soIutions 

elen^'ts^r'minerab'^n^pbce'  whjteea!tering"indCCr*a'n  COndi,ions-  a"d  leave  some 

”  ssassss  pra“  -  — sr 

important  part  in  erosion  R^cks  dem  '1  androck  fraSments  impelled  by  gravity  play  an 

ported  by  wind  (as  sand^sT  by^rin  by  Coring 7m  ^ 

and  by  ice  (in  glaciers).  ’  y  tr  (m  streams>  nvers,  and  ocean  currents), 

clay  normHl'|fyeremaeins°Sus  pldedTnninning  w'de^8!''/''0  P;'rtit'es  "  ca"  carry.  Fine 

along  the  bottom  of  a  brook  or  river  TurhuTe,  I  u  °  Sa,'ld  grains  Jnd  Pebbles  are  pushed 
thunderstorms  typical  in  the  Mountain  West  I  d  !aPld  s(ream  n°ws’  caused  by  sudden 
considerable  distances  downstreams ,f  ’  f Ve  been  know  move  large  boulders 
and  sand  storms  wliich  transport  millions ' mcflvi lli  """Uf s'  Slr,'"B  winds  may  produce  dust 

3.  Sedimentation 

depositionr0Throughf cTiemRalprfr Zdation  °f  Cl'emically  in  solution  to  sites  of 

sed,ments  arc  ,hus  d—  -  -muX^i- 
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^CZe^  muirCbriCal  aC,ion  -y  cement  rock  nan,  , 

clay  and  silt  mudstone  or  shH  C°m.e!ted  ,nVj  sedimentary  rock^^S^1  50  ,ha‘  in  time 
Pebbles,  and  sand  are  often  ifh’r  "^  'my  muds  lin>est<mZ Mixed  are  ^  ^COmes  sandstone. 
Sediments  conglome^  of  boulders,* 

cause  deveJoDment  r,f  ,v  .  cposUed  ui  horizontal  layers  r ho 

layers,  or  beds.  Other  chants /Ih"68  beddinl  PW,  which  depOSIt,on  ^tes  may 
iand»  limy  mud,  or  clav  to  ht>  f  e  processes  of  deposition  mav  r-  separa^e  sedimentary 
deposits  usually  consist  of  .  Because  of  such  chaneina  ^ a ,ternating  beds  of 

4.  Metamorphism 

J  ancj  /»|  •  - 

or'tens  -ZiT’  “*  « 

decoyed  a^d  “ew°iday“r^gfluids’ 

“  that  ^  me*an,°rphiC  rocks  SKfoliated.  **  <SC2o£ 


^  "  Nickel  Mountain  near  RiHHiB  n 

m°n  in  areas  of  high  humidity  and  mouMnous  ZlfaTn.  "K"menarV  daP°*  known  *  a  laterite 
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5.  Tectonic  Processes 

Different  portions  of  the  earth  have,  at  different  times,  been  uplifted  above  or  depressed 
beneath  the  seas.  Some  of  these  movements  have  been  broad  and  gentle,  and  have  occurred 
on  a  regional  or  continental  scale.  More  in  tens;  local  and  regional  forces  have  crumpled 
layered  rocks  into  folds  having  dimensions  ranging  from  a  few  inches  to  several  miles. 

Rocks,  like  other  materials,  fracture  when  subjected  to  excessive  stresses.  Under  certain 
conditions  the  resulting  fractures  have  smooth,  plane  surfaces  and  are  called  joints.  When 
movement  occurs  which  offsets  the  rock  on  one  side  of  a  fracture  from  rock  on  the  other 
side,  the  fracture  is  called  a  fault.  Movement  along  faults  may  offset  the  rocks  from  less  than 
one  inch  to  more  than  several  miles.  Fault  movements  may  be  lateral,  vertical,  or  diagonal 
combinations  of  both. 

6.  Mineral  Deposition 

Groundwater  solutions,  and  solutions  emanating  from  a  cooling  magma,  may  penetrate 
rocks  along  fractures  and  along  tiny  open  spaces  between  mineral  grains  in  the  rock.  Under 
certain  conditions  these  solutions  (which  contain  different  chemical  compounds)  dissolve 
the  rock-forming  minerals,  at  the  same  time  depositing  other  minerals  in  their  place  by 
precipitation  from  solution.  This  process  of  replacement  of  one  group  of  minerals  by 
another  is  the  way  in  which  many  concentrated  deposits  of  specific  minerals  are  formed. 
The  hot  solutions  given  off  by  a  cooling  magma  are  water-bearing,  and  are  called 
hydrothermal  solutions  or  fluids.  Surface  or  rainwater  percolating  through  the  earth  is  called 
groundwater  or  meteoric  water. 

Leaching ,  or  the  decomposition,  dissolving,  and  removal  of  soluble  minerals  from  rocks, 
may  be  caused  by  either  hydrothermal  or  meteoric  solutions.  The  dissolved  mineral 
products  may  be  dispersed  or  redeposited  somewhere  else  as  the  same  or  different  minerals, 
often  in  more  concentrated  form.  If  leaching  and  redeposition  results  in  an  increased 
concentration  of  a  particular  element  or  mineral,  the  deposit  thus  affected  is  considered  to 
have  been  enriched. 

Leaching  and  enrichment  by  meteoric  waters  have  played  an  important  part  in  the 
formation  of  many  valuable  mineral  deposits.  Gold,  for  example,  is  not  as  readily  dissolved 
by  meteoric  solutions  as  are  other  associated  minerals.  The  relative  gold  content  of  a  mineral 
deposit  may  thus  be  increased  through  the  leaching  out  and  removal  of  originally  associated 
minerals  by  groundwater,  leaving  an  enriched  residual  gold  deposit.  Somewhat  differently, 
portions  of  copper  deposits  in  weathered  zones  may  become  enriched  through  the  leaching 
of  the  copper  content  from  surface  rocks  by  groundwater  and  its  redeposition  at  greater 
depths  below  the  surface,  in  some  instances,  secondary  deposits  containing  relatively  high 
concentrations  ot  native  copper  have  been  formed  from  original,  or  primary,  deposits 
containing  less  than  one  percent  copper. 
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•njrthem  Arizona  /T 'lame secti***"^  °f  extrusive  iffneous  activity  in  the  San  Franri  t- - 
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D.  THE  STRUCTURES  OF  GEOLOGY 

1.  Igneous  Structures 

In  general  terms  any  instrusive  igneous  body  of  rock  is  a  pluton.  A  vein  or  lode  is  only 
one  of  several  types  of  structures  frequently  related  to  igneous  activity.  Intrusives  covering  a 
small  area  and  having  an  irregular  to  cylindrical  shape  and  which  cut  across  the  intruded 
rocks  are  called  stocks.  If  such  intrusions  cover  extremely  large  areas  they  are  called 
batholiths.  Some  crosscutting  plutons,  gradually  losing  their  force  of  penetration  during  the 
latter  stages  of  intrusion,  merely  pushed  the  overlying  rocks  upward,  rather  than  cutting 
hrough  them,  thus  forming  domes.  Dikes  are  tabular  intrusions  which  cut  across  the 
endosmg  rocks.  Intrusions  which  penetrate  rocks  parallel  to  their  bedding  or  foliation  are 
called  sills.  A  vein  itself  is  simply  a  relatively  narrow  or  flat  structure  within  a  larger  rock 
mass.  A  lode  may  be  either  a  single  vein  or  a  system  of  related  veins. 

Extrusive  structures  are  the  result  of  volcanic  activity.  During  such  activity  the  extruded 
material  (lava  ash,  or  cinders)  may  spread  outward  in  flat  layers,  or  flows,  from  a  fissure  or 
vent  Some  of  this  material  often  piles  up  around  the  volcanic  crater  in  the  form  of  a  cone. 
Calderas  are  enlarged  craters  formed  through  -  partial  collapse  of  the  caves  or  underlying 
rock  or  through  explosive  activity  which  blows  out  a  larger  hole.  The  subterranean  conduit 
supplying  the  magma  for  a  volcano  is  called  a  pipe.  Often  volcanic  activity  is  choked  off 

when  solidified  magma,  ash,  and  broken  rock  fragments  fill  the  pipes,  which  are  then  called 
plugs  or  necks. 

2.  Sedimentary  Structures 


Horizontal  and  vertical  movements  of  the  earth’s  crust  and  igneous  intrusions  may 
crumple  sedimentary  rocks  into  folds.  Downwarped  beds  form  synclines ,  and  upwarped 

beds  torm  anticlines.  Long,  relatively  narrow,  and  very  large  upwarps  of  the  earth’s  crust  are 
called  geanticlines. 


Rocks,  particularly  sedimentary  beds,  often  sag  downward  as  a  loosely  held  blanket  sags 
in  the  middle.  Where  the  sag  is  large  and  drops  below  sea  level  adjacent  to  an  ocean,  the  sea 
enters  it.  If  the  depression  is  large  enough,  most  of  a  continent  may  be  Hooded  and  become 
the  site  of  widespread  deposition  of  sedimentary  rocks.  Instead  ol  being  broad,  these  sags 
have  often  taken  the  shape  ol  long,  narrow  troughs  in  which  extremely  thick  sediments  are 
deposited.  These  are  called  geosynclines,  just  the  converse  of  geanticlines.  Smaller,  more  or 
less  rounded  downwarps  in  which  deposition  has  taken  place  are  called  basins. 


3.  Tectonic  Structures 


If  the  forces  exerted  by  the  earth  exceed  t lie  strength  of  a  rock  or  its  ability  to  bend 
into  folds,  the  rock  is  fractured  and  segments  on  opposite  sides  of  the  fracture  may  be 
moved  relative  to  each  other.  In  cases  where  such  movement  occurs,  the  rock  is  said  to  be 
faulted.  Faults  may  offset  rock  masses  up,  down,  sideways,  or  diagonally.  The  displacement 
of  rock  formations  along  faults  can  be  on  the  order  of  miles.  Some  faults  extend  tens  of 
miles  deep  into  the  earth  and  extend  hundreds  of  miles  along  the  surface.  Different  faults 
range  in  attitude  from  nearly  Hat  to  vertical. 

Rock  caught  belween  the  opposing  walls  ol  a  fault  may  be  ground  completely  to  rock 
flour  or  it  may  be  broken  and  crushed  into  a  mass  of  angular  fragments  called  a  fault  breccia. 
n  er  some  conditions  large  masses  of  rock  may  be  shattered  and  brecciated,  rather  than 

faulted  Igneous  intrusives  often  brecciate  the  rock  along  their  margins  and  ahead  of  their 
paths  of  advance. 

Formations  of  sedimentary  rock  are  never  uniform  in  thickness.  Lower  areas  receive 
more  sediments  than  more  elevated  ones,  and  at  the  margins  of  depositional  areas  the  layers 
of  sediments  become  thinner  and  pinch  out.  Lenticular  formations  or  beds  are 
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Asconbnuous  and  have  wide  variations  in  thickness  within  relatively  short  distances 

Although  sedimentary  beds  are  usually  parallel  to  each  other  for  any  given  sequence  of 

deposition,  shifting  wind  or  water  currents  may  have  caused  successive  beds  of  segments  to 

be  deposited  at  angles  to  each  other.  Then  the  strata,  or  layers,  are  crossbedckd^Ta, id 

gravel  deposited  m  and  on  the  margins  of  streams  or  rivers  form  stream  channel  deposits 

which  are  discontinuous  and  often  serpentine  in  form.  Some  sedimentary  structures  consist 
of  a  senes  of  overlapping  lenticular  beds.  ^  structures  consist 

Sedimentary  beds  deposited  on  an  erosion  surface  cut  from  older  rock  formations  are 
said  to  unconformably  overlie  the  older  rocks.  The  formations  on  either  side  of  thrserion 
surface  called  an  unconformity,  may  not  be  parallel  to  each  other.  Younger  flat-lvinc 
sedimentary  beds  often  rest  on  tilted  older  beds,  resulting  in  an  unconSty  thauf 


Y  L^ed™p  r°ck  nch  in  silica  and  iron  oxides  remaining  after  silver  and  other  metallic  su/fit 
rmnemis  have  been  drived;  at  Calico ,  near  Barstow,  in  the  Mohave  Desert  of  Southern  California.  Sut 
ftacfted  areas  called  gossans,  are  commonly  associated  with  metallic  mineral  deposits  in  arid  and  semi-er 
regmns  and  have  frequently  provided  the  surface  indications  of  the  presence  of  valuable  mineral  deposits 
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erosion  resistant  sedimentary  beds ,  mostly  sandstone ,  that  have  been  tilted  to  a 
nearly  vertical  position ,  in  northern  New  Mexico.  Extensive  folding  and  tilting  of  sedimentary  rocks  that 
were  originally  horizontal  is  common  in  both  the  Mountain  West  and  the  Appalachian  states. 


Fig.  8  ■  Exposed  remnant  of  an  ancient  (Paleozic  Age)  stream  channel,  now  turned  to  sandstone, 
subsequently  covered  by  softer  sediments  of  volcanic  ash  and  unconsolidated  day  in  the  Big  Bend  country 
of  West  Texas.  Similar  erratic  and  discontinuous  formations  on  the  Colorado  Plateau  have  frequently 
contained  relatively  high  concentrations  of  uranium  minerals. 


E-  THE  time  of  geology 
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F-  me  economics  o 
e  Components  of  Economic  Mineral  Deposj|s 

the  earfh’c  . 


—  Vpv/a|(,§ 

The  earth’s  crust  is 

»"  have  an 

the  earth’s  crust  •  ’  e  111  °thers  they  ma\  SOrne  places  particular  i  S  anT  dement 

“"rHr'f r‘«s^ 

Most  tha"  aVerage  “nU'ns 

the  ear‘h’s  crust  and  are  fn, °f/Conomic  importance  ,n  ’  may  be 

together'  th^  Undoub‘edly  two  d'fferent  types  ofr0cksU rA,Xtensively  throughout 

Od  rcS;:,;;k'  “P  approximately6 Usefui  dement s  i^odTUm  apd  -on  Z 

P^Per  chema  a,  co  '  nd  areas-  however  doT6"'  °f  a"  ‘he  ZaZrialT  «-d 

f°r  'he  use  o/man  aTthnati°nS  t0  a«owVem  tyhOCCW  su^n  ZZn  6arth’a  crust. 

or  use  Jel  COm“%  «S?&,aiS 

a i;za t{’° are  a,u— 

-  ai- «  ass- Wi-jss  ss&ssrs  t 

mineral  deposit  n  deposit  °f  a  valuah/e  ■  the  earth’s  crust 

^ .  valuabie 

because  a  particular  eiemet^63'  Condi«°ns,  cer^inm?  'T  of  Pressing.  be'ng’ ret”°ved 

Properteri!Vha/b™  3  usefPlSchemicaTcompon  ^  readdy  PreparedTomTh'6  than  °‘hers 

metallic  miners  ;2)enn0m,a"y  ^ZTZnlT^  °'  for  other  ££££  t°  'Thether  or  • 

With  the  advent  oPT^'c  minerals  °  be  in  °”e  ofthrZPZh  methods 

n’etailurgy.  th^^n"ctear  «»e«Ky.  h°^w  ^  .  ‘^categories:  (,) 

ST  hh—  -  • 

srr  ra^a 

industrial  miners  ',' -°mP00"d..thus  being  S!hVa,uaWe  both  asa^urce  of  V  f 
atuminum  and  an  inn  e  sarne  time.  An  even  3  rnetatlic  mineral  anr?  me*a^  (sodium) 

~2Vi  “57 wws  55*=  «■=£  «s=s ; 

whtch  classifies  th^^  c,ass,fications  are  geo?61-1,  “,'th,n  the  industrial3™3’’1’3?5 nt  in  ‘he 
— ents  in  whichX  ISSSSy  ' 

”  m  ZmL£*S 
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Fig.  11  ■  The  average  concentration  of  various  elements  in  the  earth's  crust.  Although  many  elements 
occur  widely  and  in  many  types  of  rocks,  they  do  not  occur  in  sufficient  quantities  nor  in  chemically 
appropriate  form  for  commercial  utilization  under  existing  technological  and  economic  conditions. 


(•■•«) 
i  r 


*hen  in  tlie  presence  of  ore  minh°U,Jd  be  noted  that  whiTthe  8a"8Ue  minera's  is  silica  and 
“flportant  as  industrial  .  minera Is,  many  of  the  com  ley  may  be  relatively  vai.  ’  1  ^ 

M  "d  -re 

ore.  In  a  wtnrocT”"*1*  are  the  antithesis  of  **“  Pr°per 

contains  too  little  a  cn  ^  that  rock  which  does  nn^>”erals’  so  wmte  «  the  antitl  • 

?  Tk-  n  °lS> 


2-  The  Processes  of  Mineral  Deposition 


Primary  mineral  d 

.SliisUlHliSSH 

ntly  result  from  sedimentation  and  m  , 

and  metamorphism.  Beds 
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Table  1 


AVERAGE  OCCURRENCE  OF  SELECTED  ELEMENTS  IN  THE  ROCKS  OF  THE  EARTH’S  CRUST 


Average  Concentration  in 
the  Earth’s  Crust 


Elements 

(in  parts  per  million  by 

Aluminum 

81,300 

Iron 

50,000 

Calcium 

36,300 

Sodium 

28,300 

Potassium 

25,900 

Phosphorus 

1,180 

Manganese 

1,000 

Sulfur 

520 

Vanadium 

110 

Nickel 

80 

Zinc 

65 

Copper 

45 

Lead 

15 

Beryllium 

2 

Uranium 

2 

Tungsten 

1 

Molybdenum 

1 

Mercury 

0.5 

Silver 

0.1 

Gold 

0.005 

Average  Concentrations  Normally  Needed 
for  Economic  Mineral  Resource 
Utilization  in  1968 
(in  parts  per  million  by  weight) 

265,000  to  290,000  (in  oxide  form) 
300,000  (in  oxide  form) 

209,000  (in  hydrated  sulfate  form) 
380,000  (in  carbonate  form) 

390,000  (in  chloride  form) 

220,000  (in  carbonate  form) 

150,000  (in  solid  oxide  form) 

2 1 ,000  (in  oxide  form  in  brine) 

65,000  to  160,000  (in  phosphate  form) 
350,000 

200,000  to  400,000 
10,000 
14,000 

35,000  to  90,000 
7,000 

9,000  to  60,000 
40,000  (in  silicate  form) 

800  (in  oxide  form) 

4,000  (in  oxide  form) 

3,000 

2,000 

400 

15 


Sources  of  Data:  Brian  Mason:  Principles  of  Geochemistry,  New  York:  John  Wiley  &  Sons;  1958,  and  various  others. 


m  metamorphism  convert  shale  to  slate  and  .  Pressures  and  temperatures  involved 
product  of  metamorplusm.  °  **  and  °rgan,c  matter  *>  graphite.  GameUs  anolher 

occur  ^mfin^rirevSy  oP7n1p‘a^0sU^0IIhgef"t;°dUCtion  °f  h*«*lwiiMl  fluids  may 

the  rock  original  minerals  in  the  adS  fie?  “  (he  rocks.  as  replacemen  Uof 

precious  metals  and  uranium  were  fo^edin  w^t "  deposits  °f  »ase  and 

™nera,°*s,?^fenadre  1“  V °f  "**  Presses  on  primary 

alun^un^be?!??????  subeque^eroslon^ha0”  ^^^^^^""^^^'^roken^mvn 
minerals  Placer  gold  deposits  are  also  sLondarv  i™?"1?  i?6  nOMl™i™»'  bearing 

usually  1nWfi  *?  th*y.are  moved  d°wnslope  and  tran  po'rtedin  s,'156"1"8  r°Ck  fra8men‘s  are 
comet???18  ^  ^  "«"*•  P“"g  the 

mineral  deposits^  TouniwaTe?' Th?  T**"  by  ‘he  chem,cal  leaching  of  primary 
transportation  of  Conner  iZJ  ■Thl 18  actlon  results  in  the  lateral  and  L  ? 

Redeposition  from  solution  below  the"wa ter  table  f™1  Uranium  compounds  in  solution 
old  is  also  concentrated  residually  by  the  leach  0™5  secpndar>  deposits  of  these  metals 

near-surface  zones  of  weathering.  8  °U*  of  associated  gangue  m,ne“n 


3.  The  Structures  of  Mineral  Deposition 


flat-lying  lenses  or  beds  which  may  extend  f  ,S®dlmentary  Processes  occur  as  generally 
horizontal  directions  but  are  rareTy more  than?  f‘ h°U,?ands  of  fee«  «  tens  of”? 

occur  in  sedimentary  basins,  along  aiicient  slopes  o/!t'ihUn<lred  ^  thick  These  deposits 

Later  structural  deformation  may  alter  the  f,  r  (  am  channels,  and  in  ancient  lagoons 
Salt  domes  along  the  coast  of  the  Gulf  of  Mexi?T  ??  a,n‘tude  of  s°me  of  these  deposits 
fla-'ymg  beds  upward  a]ong  zone^»  ^Mexico  lilted  from  the  squeezing  of  sahflom 

United  States  have  been  extensively  tilted  r  ?  ,  phosphate  dePOsits  of  the  Western 
deposition.  In  the  Eastern  United  StuJc  t  t  d,,  f  ded’  and  faulted  subsequent  to  the 
vertical  position.  ^  SUtes’  ^estone  beds  have  been  fllted  to  an  almost 

mineral  deposi? resulflng'from  ^Te^p^oce??1"?^  ?nerals  are  characteristic  forms  of 
conform  to  the  attitudes  of  the  end???  r  r  morphism  These  deposits  mav 

crosscutting  (as  in  some  pegmatite  deposits)  g?  for  examPle)  or  they  may  be 

a^ F 

-ed  through  metamophism  are  usually  in  the 
Vans  consist  of  3S2reB/itp«  nf  •  , 

faults,  or  have  replaced  the  rock  immediately  been  dePosited  in  fractures  and 

tabular,  but  usually  thicken  and  thin  at  irregula^?1  t0. th®  fractures-  The  veins  are  rudely 
Ccalcium  carbonate),  and  pyrite  (iron  disutfide^*6™  S‘  Quartz  (silicon  dioxide),  calcite 
talhc  vein  deposits.  Many  base  and  precious  JetT  COmmon  Zang“e  minerals  in  many 

vertka|SThnS'.like  maSSes  aion«  fau]ts  or  in  vel  d  ^vr01’  ^  asbestos  deposits 

fo^t^  ^hundreds*  to^hoi!^^^  oomimod^es  are^ualty  in 

-  -  -  -  - r,,.  SAr*  S5SK  - 
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Table  2 


GROUPING  OF  MINERALS  ACCORDING  TO 
ESTABLISHED  CLASSIFICATION  SYSTEMS 


A.  Industrial  Classification  of  Metals 

1 .  Ferrous  Metals 
Iron 

t 

2.  Ferro-alloy  Metals 
(sometimes  included  in  the 
ferrous  classification) 

Manganese 

Chromium 

Nickel 

Molybdenum 

Cobalt 

Tungsten 

Vanadium 

Columbium 

3.  Light  Metals 

Aluminum 

Magnesium 

Titanium 

Zirconium 


4.  Non-Ferrous  Base  Metals 

Copper 

Lead 

Zinc 

Tin 

Antimony 

Cadium 

Bismuth 

5.  Nuclear  Elements 

Uranium 

Thorium 

♦Beryllium 

6.  Precious  Metals 

Gold 

Silver 

Platinum 


B.  Non-Metallic  Minerals  (also  termed  industrial  minerals  and  rocks) 


Potash 

Sodium  Carbonate  (Trona) 

Sodium  Sulfate 

Salt 

Borax  and  Borates 
Gypsum 

Lithium  minerals 

Strontium  minerals 

Barite 

Phosphate 

Flourite 

Limestone 

Dolomite 

Magnesite 

Chalk 

Diatomite 

Clay 

Sandstone,  Quartzite 


Shale 

Bentonite 

Perlite 

Graphite 

Mica 

Asbestos 

Talc  and  Soapstone 
Vermiculite 
Pyrophyllite 
Slate 

Sillimanite  Group  (topaz,  kyanite, 
andalusite,  sillimanite,  dumortierite) 
Garnet 

Crushed  Stone 
Sand  and  Gravel 
Dimension  Stone 
Sulfur 
Diamonds 
Bauxite 


Beryllium  is  also  a  common  ferrous  and  non-ferrous  alloying  metal. 


Table  3 


CLASSIFICATION  ACCORDING  TO  COMMON  ENVIRONMENT  OF  OCCURRENCE 


I.  Association  with  igneous  intrusions 


Iron 

Ferro-alloy  metals 

Non-ferrous  base  metals  (copper,  lead,  zinc,  tin) 
Precious  metals  (gold,  silver) 

Nuclear  elements 
Titanium 
Magnesite 
Barite 


2. 


Association  with  sedimentary  rocks-concentration  by  weathering 
sedimentary  deposits  * 


and/or  precipitation  as 


Iron  (in  oxides) 

Manganese  (manganese  oxides) 
Aluminum  (bauxite) 

Uranium 

Vanadium 

Copper 

Nickel 


3.  Extraction  from  sea  water 

Magnesium 

Salt 


4.  Beach  and  stream  placer  deposits -beaches,  streams,  rivers 

Monazite  (rare  earths,  thorium) 

Titanium  minerals  (rutile,  ilmenite) 

Tin  (cassiterite) 

Gold 

Mercury 

Zirconium  (Zircon) 

Silica  sand  (high-purity  quartz  sand  deposits) 

5.  Pegmatite  deposits 

Feldspar 

Quartz 

Rare-earth  minerals  (Columbium,  tantalum,  hafnium) 

Lithium  minerals 

Beryllium 


Table  3  (continued) 


6.  Evaporite  deposits 
Potash 

Sodium  Carbonate 
Sodium  Sulfate 
Salt 

Borax  and  Borates 
Gypsum 

Lithium  minerals 

7.  Chemically  precipitated  sedimentary  rocks 

Sulfur 

Phosphate 

Strontium  minerals 

Barite 

Limestone 

Dolomite 

Magnesite 

Chalk 

8.  Other  sedimentary  rocks 

Diatomite 

Clay 

Shale 

Sandstone,  Quartzite 
(silica  sand) 

9.  Volcanic  rocks 

Bentonite 

Perlite 

10.  Metam orphic  rocks 

i 

Graphite 

Mica 

i 

Asbestos 
Talc,  Soapstone 
Vermiculite 
Pyrophyllite 
Slate 

Silhmanite  group  (Topaz,  Kranite,  Andalusite,  Sillimanite,  Damarticrite) 
Garnet  (abrasive) 

Magnesite 

Diamond 

1 1 .  From  sedimentary,  igneous,  and  metamorphic  rocks 

Crushed  Stone 
Dimension  Stone 
Sand  and  Gravel 
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and  mined  for  several  miles  in  a  horizontal  direction  as  well  as  to  several  thousands  of  feet  in 

Replacement  deposits  may  be  disseminated  or  massive.  Many  of  the  laree  corner 
deposds  of  the  world  consist  of  disseminated  grains  and  veinlets  of  copper  and  Z  sulfides 
which  have  replaced  the  primary  rock  minerals  and  Tilled  small  fractures  in  the  host  rock 

s^lfideTincarbiiff  °SitS  k  Th  Un,ted  ! 5‘ .ates  are  beddin*  replacement  deposits  of  lead 
sulfides  lncarbonate  rocks  .These  ore  bodies,  both  disseminated  and  massive  (i  e  bodies 

m  which  the  ore  is  more  or  less  continuous  with  little  gangue  or  country”  ck  reparaiing  the 

valuable  minerals),  were  formed  by  the  selective  replacement  of  calcium  carbonate  from 

certain  lunestone  beds  m  shattered  and  faulted  zones.  Some  replacement  deposits  of  c^p^ 

kad,  and  zinc  occur  in  contact  metamorphic  zones  adjacent  to  igneous  intrusions  am/mav 

be  quite  irregular  in  shape  and  highly  variable  in  size.  Massive  sulfide  replacement  depots 

of  copper  lead,  and  zmc  may  have  cigar-to-football-shaped  forms  with  dimensions  of  less 
than  a  hundred  to  more  than  a  thousand  feet.  uimensions  ol  less 

Dmeminated  copper  deposits  usually  have  an  area  of  less  than  one  to  two  square  miles 
and  may  extend  three  hundred  to  a  thousand  feet  or  more  in  depth.  Bedded  replacement 
lead,  zinc  or  copper  deposits  in  limestone  occur  generally  in  more  or  less  flat-lying  clusters 

hundred'feet  th,™6"510"5  ^  3  hUndred  ‘°  SeVml  ‘h°USand  feet  but  are  usual|y  iess  <han  a 

.  'n?,°lS‘tS  r?rre,d  b,y  residu/1  concentration  (bauxite  and  nickel  laterites)  have  more  or 
mil!!  tacbUhr  ™S  °f  larger  lateral  dimensions  (several  thousand  feet  to  several 

few  tens  of  feet  S'  lith  ^T'  P'aCer  dep0SitS  are  usually  not  more  than  a 

I™,  n  ■  '  tb  ck'  wdb  valuable  minerals  occurring  in  relatively  narrow  and  relativelv 

long,  horizontal  patterns.  These  deposits  are  flat-lying  and  have  sinuous  outlines  if  they  were 
hf  outline.1"  ^  ''  deP°Si‘ed  a,°"g  beaches>  tbey  may  be 


4.  The  Age  of  Mineral  Deposits 

Most  metalliferous  mineral  deposits,  and  other  mineral  deposits  resulting  from 

revoISs 11  The^68868!  r'6  f0rmed,  dUFing  peri0ds  of  major  geologlc  disturbances,  or 
revolutions,  These  revolutions  were  charactenzed  by  episodes  of  folding,  faulting  igneous 

intrusion  and  extrusion,  and  metamorphism.  Such  major  geologic  disturbances  have  taken 

o  3  taun  ted  StaPtae?h°f  ,he  Un“*  times.  Large  porfions  of  theTnlerior 

ot  the  United  States  have  remained  relatively  undisturbed  since  Precambrian  time  Bv 

a°c"!mnle!  h  I30'  rTr*  regi°n  h3S  bee"  the  site  ofrePeated  geologic  disturbances  and  has 
a  complex  history  of  deformation.  The  Appalachian  Region  has  also  undergone  extensive 
disturbance,  but  not  as  recently  as  in  the  West.  extensive 

The  bulk  of  known  metallic  mineralization  in  the  United  States  apparently  occurred 
during  four  major  periods  of  geologic  time:  Precambrian,  Triassic  -  Jurassic,  Laramide  (late 
Cretaceous  -  early  Tertiary),  and  middle  to  late  Tertiary.  (See  Figure  10  )  Most  of  the  base 

Revolution"8  Tr  d,eP°Si,S  ^  WeStem  United  were  formed  du^feg  the 
.hlln  .  and  Tertlary  ‘»me.  The  environments  of  deposition,  the  types  and  relative 
f  "J  c  of  s°ur“  materials,  and  subsequent  geologic  events,  all  controlled  the  types  of 
deposits  formed  and  their  characteristics.  As  the  environments,  deposition,  and  source 
materials  varied  throughout  geologic  time,  different  types  of  mineral  deposits  formed  at 

d“  P'reS  3nn  a,‘  d‘fferent  deP*hs-  Duri"«  ‘he  Permian  period,  for  example,™  and 
environment  caused  the  formation  of  saline  deposits,  including  potash,  in  shallow  lagoons 

along  what  is  now  the  New  Mexico-Texas  border.  At  the  same  time  sandstone  Thale  and 

AodXX  WRre  deposlted  m  adjoming  areas,  volcanoes  were  active  in  California,  and  the 

depostif  Re81°"  WaS  U  rg°  8  folding  and  faulting-  crea(ing  other  types  of  mineral 

the  eVemS  H,aVe  deS,r°yed  SOme  existing  mineral  deposits  and  enhanced 

or  example,  portions  of  some  gypsum  deposits  in  southern  Arizona 
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were  later  converted  to  relatively  useless  anhydrite  as  a  result  of  local  geologic  disturbances. 
On  the  other  hand,  deposits  of  volcanic  ash  formed  in  what  is  now  Wyoming  during  Tertiary 
time  were  altered  by  the  leaching  action  of  surface  water  and  converted  to  now  valuable 
deposits  of  bentonite  clay.  Other  examples  are  legion. 


Fig.  12  -  Tilted  sedimentary  beds  in  Northeastern  Utah  in  the  Western  Phosphate  Field  that  includes 
parts  of  Utah ,  Idaho,  Wyoming,  and  Montana.  Broad  folding  and  subsequent  enrichment  by  weathering  and 
erosion  of  sediments  containing  greater  than  average  concentrations  of  phosphorus  have  produced 
economically  valuable  industrial  minerals  deposits  throughout  a  wide  area.  In  the  center  of  the  above 
photograph  is  a  phosphate  mining  operation  and  plant  owned  by  the  Stauffer  Chemical  Company. 


Metal 

Gold 

Silver 

Iron 

Copper 


Lead 

Zinc 

Tin 

Nickel 


Talkie  4 

COMMON  ORE  MINERALS 


Ore  Mineral 

Composition 

Percent 

Metal 

Native  gold 
Calaverite 

Sylvanite 

Au 

AuTe2 

(Au,Ag)Te2 

100 

39 

Native  Silver 

Argentite 

Cerargyrite 

Ag 

Ag2S 

AgCj 

100 

87 

75 

,  Magnetite 

Hematite 

Limonite 

Siderite 

Fe0Fe203 

Fe203 

Fe2°3*H20 

FeC03 

72 

70 

60 

48 

Native  copper 
Bornite 

Brochantite 

Chalcocite 

Cholcopyrite 

Covellite 

Cuprite 

Enargite 

Malachite 

Azurite 

Chrysocolla 

Cu 

Cu5FeS4 

CuS043Cu(0H)9 

Cu2S 

CuFeSo 

CuS 

Cu20 

3Cu2S-As2S5 

CuC03Cu(0H)2 

2CuC03-2H20 

CuSi03  2H20 

100 

63 

62 

80 

34 

66 

89 

48 

57 

55 

36 

Galena 

Cerussite 

Anglesite 

Pbs 

PbC03 

PbS04 

86 

77 

68 

Sphalerite 

Smithsonite 

Calamine 

Zincite 

ZnS 

ZnC03 

H2Zn2Si05 

ZnO 

67 

52 

54 

80 

Cassiterite 

Stannite 

Sn02 

Cu2SFeSSnS2 

78 

27 

Pentlandite 

Gamierite 

(Fe,Ni)S 

H2(Ni,Mg)Si03H20 

22 

38 


Table  4  (Continued) 


Percent 


Metal 

Ore  Mineral 

Composition 

Metal 

Chromium 

Chromite 

Fe0-Cr203 

68 

Manganese 

Pyrolusite 

Mn02 

63 

Psilomelane 

Mn203*xH20 

45 

Braunite 

3Mn203  MnSi03 

69 

Manganite 

Mn203-H20 

62 

Aluminum 

Bauxite 

A1203-2H20 

39 

Antimony 

Stibnite 

sb2s3 

71 

Bismuth 

Bismuthinite 

Bi2S3 

81 

Cobalt 

Smaltite 

C0AS2 

28 

Cobaltite 

CoAsS 

35 

Mercury 

Cinnabar 

HgS 

86 

Molybdenum 

Molybdenite 

M0S2 

60 

Wulfenite 

PbMo04 

39 

Tungsten 

Wolframite 

(Fe,Mn)W04 

76 

Huebnerite 

MnW04 

76 

Scheelite 

CaW04 

80 

Source  of  Data:  January  1961,  Field  Handbook  For  Mineral  Engineers,  U.S.  Dept,  of  the  Interior, 
Bureau  of  Land  Management. 
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Table  5 

COMMON  GANGUE  MATERIALS 


Class 

Name 

Composition 

Oxides 

Quartz 

Other  silica 

Bauxite,  etc 

Limonite 

Si02 

Si02 

A1203-2H20 

Fe203-H20 

Carbonates 

Calcite 

Dolomite 

Siderite 

Rhodochrosite 

CaC03 

(Ca,Mg)C03 

FeC03 

MnC03 

Sulfates 

Barite 

Gypsum 

BaS04 

CaS04  +  2H20 

Silicates 

Feldspar 

Garnet 

Rhodonite 

Chlorite 

Clay  minerals 

MnSi03 

Miscellaneous 

Rock  matter  (sic) 

Fluorite 

Apatite 

Pyrite 

Marcasite 

Pyrrhotite 

Arsenopyrite 

CaF2 

(CaF)Ca4(P04)3 

FeS2 

FeS2 

FeySg 

FeAsS 

Source  of  Data:  January  1961,  Field  Manual  for  Mineral  Engineers,  U.S.  Dept,  of  the  Interior, 
Bureau  of  Land  Management 
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The  Formation  of 


Iron  Mineral  Deposits 
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*•  *  various  manners  in  which  ^ 

®“” Cnated  3nd  the  fom»  «**  deposits  take. 


The  Formation  of  Copper  Mineral  Deposits 
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Zone  Secondary 
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j  Hot  Springs 


,Coral  Reef 


Fig.  14  -  Ways  in  which  commercially  usable  concentrations  of  copper  minerals  have  been  created  and 

the  forms  in  which  such  deposits  occur. 


The  Formation  of  Lead,  Zinc,  and  Silver  Mineral  Deposits 


Redbed  Deposits 
cc,gn,sl,py 


Syngenetic  in  black  sh.  8  reefs 
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Fig.  15  -  Ways  in  which  known  economic  deposits  of  lead,  zinc,  and  silver  minerals  have  been  created 
and  the  forms  that  presently  known  occurrences  of  such  minerals  take. 
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The  Formation  of  Saline  Deposits 
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Fig.  17  -  Ways  in  which  various  mineral  deposits  have  been  formed  and  the  circumstances  under  which 
commercially  usable  concentrations  of  various  industrial  minerals  are  normally  found. 


The  Formation  of  Phosphate  Deposits 
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Fig.  18  -  Means  by  which  economical ty  valuable  deposits  of  phosphate  minerals  have  bean 
are  known  to  occur. 
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The  Formation  of  Calcium  Carbonate  Deposits 
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Fig.  19  -  Ways  m  which  deposits  of  csicium  carbonate  have  hmn  formed  md  the  circumstances  under 
which  they  am  known  m  occur. 


G.  SUMMARY 


cluS£e7^  valuable  mineral  deposits  were 

deposits  occur  in  distinct  areas  as  a  result  of  tin  fortuitous"  comWna'tion  M,"eral 

environments  and  processes  These  have  f  a  comblnatlon  °f  specific  geologic 

nor  a,  the  same  tiT DmJ.ll a"  Ff  °f  ,he  world 

different  geologic  environments.  Finding  a  favorable  environment  Tow"3  deP°s,ts  occur  in 
that  an  economically  valuable  mineral  deposit  will  be  Z2’  h°wever'  “  no  guarantee 
processes  have  only  rarely  resulted  in  the  fomatinn ‘  r  ,  ,  The  necessarV  geologic 

any  one  place  in  sufficient  quantity  and  quality  to  be  of  economic  va"'  C°mmodities  in 

roomTor  "urban  “  «“"•«"*  areas  to  make 

can  be  reclaimed  and  reforested  or  used  for  farlmg^and" ranchma" The'  WaStdandS 
conversion  of  natural  desert  wasteland  to  grassland  for  cattle  raismplf  V,  Progress*ve 

years  in  the  Big  Bend  area  of  Texas  Vast  th*  It  f  ?  has  been  going  on  for 

planted  in  forest  since  World  War  II  and  thev  now  °  southeastern  United  States  have  been 

and  urban  areas  can  be  established  wherever  tLre  is  sohTm-ound1^^  tlmbeJ'  lndustry.  Cities 
as  on  reclaimed  swampland  or  filled  harbors  6Ven  Where  ^  i$  not’ 

however,  Kit  ""‘T"8’  eC“C 

industrial,  forest,  park,  wilderness,  or  othef  uses  ""part  of'tte'Lc  aC,Commodate  urban. 
resources  are  lost  at  least  as  lone  as  that  withH,  \  P  •  tlie  natlon  s  useable  mineral 
In  Brazil,  for  example  deposits  of  iron  oxiHpc  h  ^tt  remains  in  e^ect>  and  perhaps  forever. 
as  a  source  oMron  3‘  °ne  t,me  valuable 

economic  conditions  subsequently  changed  and  it  is  d^htf  Tf  *  Cf1Ct’  Technol°gy  and 
those  deposits  would  be  considered  econoJefi,  iou^tful  lf  under  todaV’s  conditions 

available  for  development  and  production.  What  onre“  as  ^01^^  ^  n°W  made 
was  thus  kept  in  storage  until  it  perished.  potential  economic  resource 

economically  valuable  deposit  """shnilarlv^'ther^  3  mlneral  deP°slt  which  makes  it  an 
conditions  of  mining,  process  ng  2.  “Th?  "°  r”'3"'  °r  rIgld,V  definable 
particular  irnnenl  marketS  which  make  a 

individual  or  organization to ^ZeTnd  se^l  , 1  i  "  faCtJ.lt  18  on,y  the  ability  of  an 

“  t0ThehaesiSblLdf  Wdhi“  ^  n°‘  an  eCOn°mltally  valuable  “ardeposri8  "'le  8°Ver"in8 

cntenon  ofthette'of  a  ZSt'co^JVJ  *"<><  a"  absolute 

value  until  the  companies  owning  nickel  denosits  .™lnera!'  -or  example,  nickel  was  of  little 
reliable  source  of  sunnlv  a^  relonl  ,  P  demonstrated  its  varied  uses,  established  a 

the  value  of  expandable  day  deroshs  in  f  an/’  **  deVe'“Ped  the  marke‘a  for  it.  Similarly, 
use  of  this  type  of  clay  fn  Stw^u?  T  Pri°r  ?°  the  “pment  of  the 

many  common  rocks  and  minerals  contain8flnm  6S  °r  c°nstruct'on  purposes.  Conversely, 
already  established  markets.  Nevertheless  manv  nro™  lr°n’  meta'S  f°r  which  there  are 
are  found  are  not  considered  economically  ■  hi  le  deposlts  ln  which  iron  and  aluminum 

yet  developed  to  the  point  at  which  anyone  wouMh/  becauf  technology  has  not 

of  those  metals.  ^  those  particular  minerals  as  sources 

another "  A  1"^°""^""  Va'Uable  mineral  dePosit  *o  OI>e  person  may  not  be  so  to 

labor^Mdiethw-'"  s^ammod'/ty "toiHpay""^^!-6 his* own 
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presently  exists  in  the  United  States  an  extremely  wide  range  in  the  size  of  mining 
operations  and  mining  operators. 

In  addition  to  established  market  demand,  initiative,  resourcefulness,  and  good 
management  in  both  mineral  production  and  marketing  often  make  the  difference  between 
valuable  mineral  and  waste.  For  example,  the  Bluebird  disseminated  copper  deposit  near 
Miami,  Arizona,  is  relatively  low  in  copper  content  and  relatively  small  for  this  type  of 
mineral  deposit.  Prior  to  1964,  it  had  been  rejected  as  not  being  economically  valuable  by 
several  large  and  small  companies  because  they  considered  it  too  costly  to  mine.  Amid  dire 
predictions  of  failure  by  knowledgeable  elements  of  the  mineral  industry.  Ranchers 
Development  Company  of  Albuquerque,  New  Mexico,  acquired  the  Bluebird  property. 
Through  extensive  study,  relatively  inexpensive  methods  of  mining  and  extraction  were 
developed  which  could  be  applied  to  that  particular  mineral  deposit,  and  the  Bluebird 
mineral  deposit  was  made  into  an  economically  valuable  resource  and  a  source  of  personal 
income  for  workers  and  owners  alike. 

Changes  in  demand,  technology,  and  competitive  sources  of  supply  all  affect  the 
classification  of  specific  mineral  deposits  as  valuable  or  not  valuable  for  any  given  period  of 
time.  Prior  to  World  War  II,  uranium  was  in  small  demand.  The  development  of  nuclear 
fission  and  subsequent  national  defense  and  research  requirements  created  a  larger  market 
for  uranium  from  1945  until  the  mid-1950’s  when  demand  from  these  sources  began  to 
diminish.  In  the  late  1 950’s,  therefore,  the  subsequent  discovery  Of  new  uranium  deposits  was 
of  little  concern  or  value  to  all  but  the  more  foresighted  individuals  and  companies  until 
1964,  when  it  became  obvious  that  demand  for  uranium  in  civilian  uses  was  beginning  to 
accelerate.  Now  certain  mineral  deposits  containing  uranium  are  again  economically 
valuable. 

Cyclical  changes  in  price  and  in  supply  have  been  maintained  by  foreign  producers  in 
mercury,  tungsten,  and  manganese.  The  classification  of  domestic  deposits  of  these  metals  as 
valuable  or  not  valuable  has  fluctuated  accordingly.  While  changing  technology  is  creating 
demand  for  new  mineral  commodities  (the  rare-earth  elements  in  the  manufacture  of 
television  tubes,  for  instance),  it  is  also  enabling  the  low-grade  or  waste  of  yesterday  to 
become  the  ore  of  today  or  of  the  future.  For  example,  improved  methods  of  molybdenum 
and  copper  recovery  have  enabled  the  Duval  Corporation  to  make  a  mine  out  of  the 
relatively  low-grade  Esperanza  copper-molybdenum  deposit  south  of  Tucson,  Arizona. 
Other  examples  are  legion. 

The  search  for,  acquisition  of,  and  retention  of  valuable  mineral  deposits  is  based  on  the 
premise  that  a  sufficient  quantity  and  quality  of  a  valuable  mineral  may  be  found  which, 
through  research  and  development,  may  become  an  economically  valuable  mineral  deposit 
under  favorable  present  or  future  conditions.  The  mineral  industry  bypasses  or  ignores, 
however,  specific  areas  or  mineral  commodities  when  it  has  been  made  too  difficult  or 
impossible  to  acquire  or  retain  necessary  lands  long  enough  to  conduct  sufficient 
exploration,  research,  and  development  to  determine  whether  or  not  a  valuable  product  can 
be  made  from  a  mineral  deposit.  For  example,  in  1959-1960  the  Sunrise  Mining  Company 
conducted  exploration  for  perlite  in  connection  with  the  development  of  a  broadly-based 
industrial  minerals  operation.  Upon  learning  that  the  Department  of  the  Interior  was 
challenging  the  locatability  and  value  of  perlite,  exploration  was  immediately  diverted  from 
federal  lands  to  less-promising  areas  in  New  Mexico  on  state  lands  where  acquisition  and 
retention  tor  mineral  exploration  and  development  could  be  assured. 

The  prices  of  mineral  commodities  and  their  costs  of  production  change  continually, 
and  costs  are  also  variable  from  mine  to  mine.  Consequently,  the  designation  of  a  particular 
grade  of  rock  as  valuable  or  waste  is  valid  only  for  a  specific  mining  operation  during  a 
specific  time  interval.  If  prices  fall  or  costs  go  up,  the  necessary  valuable  mineral  content  of 
the  rock  must  rise,  for  it  to  be  considered  a  valuable  mineral  deposit.  It  is  often  true  that 
last  year’s  ore  may  be  this  year’s  waste  but  next  year’s  ore  again,  and  that  one  mine’s  ore 
may  be  another  mine’s  waste. 
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Fig.  20  -  Surface  mining  operations  at  the  Lavender  Pit  of  the  Phelps-Dodge  Corporation  at  Bisbee 
Arizona.  Located  above  the  deeper  and  higher-grade  massive  copper  sulfide  replacement  deposits  worked 
first  by  underground  methods  in  the  late  1800's,  this  relatively  low-grade  porphyry  copper  deposit  was  not 
considered  ore  until  advancing  technology  made  extraction  feasible  in  the  1950's. 
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CHAPTER  3 


THE  GEOLOGY  OF  THE  UNITED  STATES 

Does  that  part  of  the  United  States  west  of  the  105th  Meridiem  (except  Alaska 
and  Hawaii )  have  geological  characteristics  significantly  different  from  the  eastern 
part  of  the  nation?  Do  any  such  differences  include  the  existence  of  some 
minerals  which  may  not  be  considered  valuable  at  present  but  which  could 
become  commercially  productive  by  1985? 

A.  THE  GEOLOGY  OF  THE  UNITED  STATES 

The  United  States  may  be  considered  geologically  as  consisting  of  five  major  areas.  The 
largest  of  these  is  the  Western  United  States  extending  from  the  Great  Plains  westward  to 
the  Pacific.  The  Interior  Plains ,  extending  from  the  Front  Range  of  the  Rockies  eastward 
across  the  Missouri,  Mississippi  and  Ohio  Valleys  to  the  Appalachians,  form  the  second 
largest  region.  The  third  major  region  is  the  Appalachians,  including  not  only  the  mountains 
themselves  but  the  rolling  plateau  to  their  west  and  the  Piedmont  region  to  the  east. 

Two  other  geologic  areas  lie  to  the  north  and  south  of  the  Interior  Plains  province.  On 
the  north  is  the  portion  of  the  Canadian  Shield  which  extends  northward  to  cover  nearly 
two-thirds  of  Eastern  Canada.  On  the  south  and  east  is  the  Atlantic  Coastal  Plain.  All  of 
these  general  areas  are  shown  in  Figure  2 1 . 

The  rocks  and  geologic  structures  at  and  near  the  surface  vary  noticeably  from  one 
major  area  to  another.  The  youngest  geology  is  found  on  the  Atlantic  Coastal  Plain  where 
unconsolidated  sediments  of  recent  Cenozoic  age  are  common.  The  oldest  geology  is  found 
in  the  Canadian  Shield  area  where  virtually  the  only  remaining  rocks  and  structures  are  of 
Precambrian  age.  Throughout  the  Appalachian  Region  and  across  most  of  the  Interior 
Plains,  the  rocks  and  geologic  structures  are  of  Paleozoic  age.  On  the  western  plains  and 
throughout  the  entire  Western  United  States,  the  surface  and  near  surface  rocks  are  mostly 
of  Mesozoic  and  Cenozoic  age.  In  the  West,  only  in  limited  places,  such  as  at  the 
bottom  of  the  Grand  Canyon,  are  rocks  as  old  as  Precambrian  exposed  at  the  surface. 

Just  as  the  ages  of  the  rocks  in  the  various  areas  differ,  so  also  do  the  prevalent  types  of 
rocks.  On  the  Atlantic  Coastal  Plain,  the  surface  is  covered  to  considerable  depth  not  with 
rock  at  all  but  with  unconsolidated  sediments.  In  the  Canadian  Shield,  the  rocks  are  nearly 
all  metamorphic.  Throughout  the  Interior  Plains  and  Appalachian  regions,  sedimentary 
rocks  are  most  common  although  there  are  also  significant  occurrences  of  metamorphic  and 
intrusive  igneous  rocks  in  the  Appalachians.  In  the  West,  all  types  are  found  with  extrusive 
igneous  rocks  and  sedimentary  rocks  being  perhaps  the  most  common.  Broad  areas  of  the 
West,  particularly  in  the  Basin  and  Range  province  of  the  Southwest,  are  also  covered  by 
considerable  expanses  of  unconsolidated  sediments. 

The  dominant  geologic  structures  likewise  differ  from  one  geologic  area  to  another.  On 
both  the  Atlantic  Coastal  Plain  and  in  the  Interior  Plains,  beds  of  sedimentary  rock  are 
relatively  horizontal  with  some  slight  tilting  but  little  or  no  folding  or  faulting.  In  the 
Canadian  Shield  and  particularly  throughout  the  Appalachians,  extreme  folding  has  made 
synclines  and  anticlines  the  dominant  geological  structures.  In  the  West,  geologic  structures 
are  far  more  varied.  In  some  areas  fiat-lying  sedimentary  beds  dominate,  as  on  the  Colorado 
Plateau.  In  other  areas  (e.g.,  the  Columbia  Plateau),  broad,  horizontal  extrusive  structures  are 
common.  In  still  others,  large  intrusive  structures  such  as  the  Sierra  Nevada  and  Idaho 
Batholiths  predominate.  Throughout  the  Basin  and  Range  province,  folds  and  faults 
combine  with  igneous  intrusives  to  provide  the  dominant  geological  structures. 

The  varying  geologic  events  and  environments  in  the  different  areas  of  the  United  States 
have  had  significant  influences  on  the  processes  of  mineral  deposition  in  those  areas.  The 
variations  in  mineral  deposit  formation  appear  to  be  most  closely  related  to  the  geologic 
histories  ot  those  areas.  Just  as  does  the  political  history  of  the  nation,  the  geologic  history 
of  the  United  States  seems  to  start  in  the  East  and  extend  westward. 
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Fig.  22  ■  A  generalized  geologic  map  of  the  United  States  showing  the  location  of  principal  limestone 
deposits  and  major  industrial  minerals  operations 


B.  THE  FORMATION  OF  MINERAL  DEPOSITS  IN  THE  UNITED  STATES. 
1 .  Earliest  Mineral  Deposition 


The  greatest  area  of  exposed  rocks  of  Precambrian  age  in  North  America  covers  nearly 
two  thirds  of  the  eastern  and  far  northern  portions  of  Canada.  This  area,  known  as  the 
Canadian  Shield,  was  the  site  of  mtense  orogeny,  intrusion,  and  mineralization  in 
Precambnan  time.  Since  then,  however,  the  area  has  been  stable  and  only  lightly  covered 
with  younger  sediments.3  The  southeasternmost  portion  of  the  Canadian  Shield  lies  within 
the  United  States,  extending  from  Maine  westward  to  Northern  Minnesota  Actually  the 
older  Precambrian  basement  complex  underlies  the  entire  United  States,  but,  except  in  the 
extreme  northeastern  part  of  the  nation  where  it  has  been  uplifted  and  scraped  by  glaciers 

it  has  been  depressed  below  sea  level  so  that  Paleozoic,  Mesozoic,  and  Cenozoic  sediments 
have  been  deposited  on  top  of  it. 

Although  younger  sediments  once  covered  all  of  the  older  Precambrian  basement 
complex  in  the  Western  United  States,  great  vertical  uplifts  have  raised  blocks  of  it  far  above 
sea  level,  exposing  them  to  erosion,  and  stripping  off  the  cover  of  younger  sediments.  Prime 
examples  are  the  Front  Range  of  the  Rockies  and  many  areas  in  Arizona,  including  the 
lower  rocks  in  the  Grand  Canyon.  The  Precambrian  age  rocks  of  the  Canadian  Shield  have 
yielded  immense  quantities  of  iron,  nickel,  copper,  lead,  zinc,  silver  and  gold,  and  these 
deposits  were  evidently  formed  during  Precambrian  time. 

For  many  years  most  of  the  iron  ores  produced  in  the  United  States  have  come  from  the 
Precambnan  age  rocks  of  the  Lake  Superior  district.  The  high-grade  ores  are  now  exhausted 
but  there  are  still  immense  reserves  of  low-grade  siliceous  magnetic  iron-bearing  rock  called 
t aconite,  from  which  the  magnetic  iron  oxide,  magnetite,  can  be  removed  by  magnetic 
beneficiation  methods.  Taconites  of  Precambrian  age  also  occur  in  Montana,  Wyoming  and 

.  A  taconite  deposit  containing  at  least  300  million  tons  of  iron-bearing  rock’ is  in 
fact  yielding  iron  ore  at  Atlantic  City,  Wyoming.3  3 

Precambnan  age  copper  deposits  have  been  mined  for  over  100  years  in  the  Lake 
upenor  region  o 1  the  Canadian  Shield  and  reserves  are  by  no  means  exhausted.  The 
magnetic  iron  ores  of  Northern  New  Jersey  and  the  titanium-bearing  iron  ores  of  the 
Adirondacks  m  Northern  New  York  are  Precambrian  in  age,  as  are  the  talc  and  soapstone 
deposits  of  Western  New  York.  The  lead-zinc  deposits  at  Edwards  and  Balmat,  New  York 
and  the  zinc  deposits  of  Franklin,  New  Jersey,  also  lie  in  Precambrian  rocks  and  are  very 
probably  Precambrian  in  age.34  y 

Aside  from  the  taconite  deposits,  Precambrian  age  ore  deposits  are  few  in  the  West  but 
three  have  been  of  prune  importance.  These  include  the  large  and  rich  copper  deposits  at 

m  Tu^nZf°cna  u  A”?  th®natlon’s  Principal  gold  producer,  the  Homestake  Mine  in  the 
Black  Hills  of  South  Dakota.36 

In  younger  Precambrian  time  crustal  sagging  produced  a  geosyncline  (a  long  trough) 
permittmg  the  entry  of  the  Pacific  Ocean  and  forming  a  long,  narrow  seaway  extending 
southward  from  Canada  through  Idaho,  Western  Montana,  Wyoming,  Utah,  Western 
Colorado,  Arizona  and  Southern  California.  Shales,  limestones,  and  sandstones  were 
deposited  in  this  trough.3  The  great  silver-lead-zinc  ore  deposits  of  theCoeur  d’Alene 
district  in  Idaho  occur  in  the  younger  Precambrian  quartzites  formed  in  this  geosyncline. 
Until  recently  it  was  supposed  that  these  deposits  were  formed  in  Mesozoic  time,  but 
laboratory  methods  to  determine  the  age  of  minerals  and  rocks  in  millions  of  years  now 
suggest  that  these  ore  deposits  date  from  Precambrian  time.38 


2.  Paleozoic  Mineral  Deposition 


The  Paleozoic  Era,  which  followed  Precambrian  time,  was  the  vital  era  for  orogeny 
intrusion  and  mineralization  in  the  Eastern  United  States,  except  for  those  areas  in  the 
Canadian  Shield.  In  the  West,  such  events  were  almost  wholly  lacking  in  the  Paleozoic  Era  39 
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At  the  start  of  the  Paleozoic  Era,  the  Appalachian  geosyncline  started  to  sag  (its  position  is 
?„™b.y  the  belt  of  folds  and  faults  shown  on  the  map  in  Figure  2 1 ).  Thick  sediments  were 
deposited  in  the  trough  as  it  continued  to  sag.  At  the  same  time,  thinner  sediments  were  laid 
down  to  the  west,  in  the  more  stable  interior  portion  of  the  continent. 

3r6  typically  belts  of  intense  deformation  associated  with  intense  folding 
,  ^ , ln^'  .  ®  irst  sucb  deformation  of  the  Appalachian  Geosyncline  occurred  in  the 

early  Paleozoic  Era  about  400  million  years  ago.  This  period  of  deformation,  called  the 
Tacoma*  Disturbance  was  restricted  to  the  northern  portion  of  the  Appalachian 
Geosynchne  Although  the  effects  of  the  disturbance  have  not  been  traced  so  far  south  it  is 
thought  that  the  enormous  zinc  deposits  of  the  Mascot  district  in  Eastern  Tennessee  were 
tormed  at  this  time.  These  are  at  present  among  the  largest  known  reserves  of  zinc  ore  in 
P?  ,te.d  ,States;  approximately  150  million  years  later,  the  Appalachian  trough  was 
nse  y  e  orme  again,  during  what  is  known  as  the  Acadian  Disturbance.  At  least  in  New 
England  this  disturbance  was  accompanied  by  granite  intrusions.4 1  The  copper  deposits  of 
Vermont  were  probably  formed  at  the  time  of  this  disturbance.42  About  440  million  years 
ago,  before  the  Tacoman  Disturbance,  iron-bearing  sedimentary  beds  were  deposited  in  the 
Appalachian  geosyncline  belt  from  New  York  to  Alabama.  These  Clinton  iron  ores  are 
generally  too  thin  to  be  commercial,  but  where  they  are  thick,  as  at  Birmingham,  Alabama 
they  have  been  mined  extensively.4  3 

™  thefcl.°se  °J tbe  Paleozoic  Era,  about  200  million  years  ago,  a  land  mass  then  existing 
the  east  side  of  the  Appalachian  geosyncline  moved  westward,  wiping  out  the  trough  and 
intensely  folding  and  faulting  the  thick  sediments  deposited  within  it.  A  great  mountain 


Fig.  23  -  Underground  mining  operations  in  the  Coeur  d'Alene  district  of  Northern  Idaho.  The  rich 
silver- lead-zinc  deposits  of  the  area  were  formed  during  Precambrian  time  and  represent  some  of  the  oldest 
mineral  deposits  known  to  exist  in  the  Western  United  States.  Gold  deposits  in  South  Dakota ,  and  the 
copper  deposit  at  Jerome,  Arizona,  were  also  formed  during  Precambrain  time. 
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chain,  the  Appalachians,  was  formed,  extending  from  Newfoundland  to  Alabama  and  this 
movement  of  the  earth's  crust  has  been  called  the  Avvalachian  ,•  ,  T  ’  a  . 

ajea,  east  of  the  belt  of  intensely  folded  rocks  thalTrmed The ttloZ  It  Z  m" 
chain,  extensive  uitrusions  of  granite  occurred.44  c  mountain 

Metallic  mineral  deposition  has  .been  commonly  associated  with  the  closing  stages  of 
major  deformations  such  as  the  Appalachian  Revolution  and  with  the  igneous  in  msfons 
common  in  those  stages.  Many  gold  deposits  are  scattered  along  the  taedmoilTtel!  of 
schists  slates,  and  ramtic  intrusions  m  what  are  now  the  Carolinas  and  Georgia  These  gold 
deposits  are  probably  of  latest  Paleozoic  or  earliest  Mesozoic  age  and  thus  were  forTed 
ei  er  during  the  waning  stages  of  the  Appalachian  Revolution  or  shortly  after  it  Many 
other  eastern  ore  deposits  were  probably  formed  at  the  same  time  In  the  Tri-State 
zinc-lead  district  of  Kansas,  Missouri,  and  Oklahoma,  a  late  PaleoTok  Era  uplift  in  the 
earth  s  crust  fractured  the  limestone  existing  there  and  gave  access  to  solution,  i,  i, 
deposited  zinc  and  lead  sulfides  in  the  openings.  Although  a  considerable  distance  west  of 

Uie  site  ot  the  major  uplifting  caused  during  the  Appalachian  Revolution  the  Tri-State 
district  mineralization  probably  dates  from  the  same  time  ’  1  M  ‘ 

In  the  Western  United  States,  the  younger  Precambrian  geosyncline  mentioned 

"own  If t"h riorZ  ‘°  ‘T  Gulf,°f  CaUfOT"ia  -to  the“oic 

Appalachian  trough  ‘hlS  SeaWay  was  much  broader  than  the 

Appalachian  trough  On  its  eastern  slope,  limestone,  clean  sandstone,  and  shale  were 

deposited,  while  on  the  west,  impure  sandstone,  chert  (silica)  and  other  sediments  were  laid 

down,  together  with  volcanic  flows.  In  the  later  Paleozoic  Era,  about  340  million  ylam  ago 

a  long  upward  ridge  or  geanticline  formed,  which  crossed  Nevada  northeastward  into  Idaho 

and  separated  the  former  broad  seaway  into  two  roughly  parallel  troughs  In  the  one  of  the 

At  the  same  time,  faulting  occurred  and  masses  of  rock  were  shoved  eastward  for  miles 
over  the  eastern  sediments,  along  a  great  flat  fault  known  as  the  Roberts  Mountains  Thrust 

great" ridge^ formed* h  T*'0"  accompanied  this  orogeny, “5  but  the  geanticline  or 

?rnnJldffL,  „  fd  *7  h  dlst.urbance  persisted  into  times  of  later  mineralization  and  had  a 
strong  effect  on  localizing  particular  mineral  deposits. 

3.  Mesozoic  Mineral  Deposition 

Both  the  eastern  and  western  seaways  of  the  Cordilleran  Geosyncline  persisted  into  the 

and°We!Cternaulah  0rt,8reti‘  ^  trending  north-south  through  Eastern  Nevada 

....  ’  e  lntemuttently  counteracting  its  wearing  away  by  erosion  About 

was  Z  m V Tt  ag0’in  thf  earlier  half  of  the  Mesozoic  Era-  "hat  ia  now  Southern  Arizona 
was  uplifted,  deformed  and  intruded  by  granitic  rocks.  The  great  copper  deposits  of  Bisbee 

came  into  existence  at  this  time.46  Next  came  the  far  more  widespread  Nevadan 

Revolution,  which  started  about  145  million  years  ago,  when  the  great  north-south 

tenTthtnd  Tir  thrOUgh,  N,evada  started  to  nse-  Granitic  rocks  were  intruded  along  its 
withTthT  f  !C  m‘"era  deP°sltlon  began  within  it.  Such  deposition  started  probably 

,  Aa  the  western  edge  ol  the  geanticline  moved  westward.  Occupying  the  present 

ate  of  the  Sierra  Nevada  Range  in  California  there  had  been  another  trough  or  geosyncline 

ocksTn5  Um  crf  the  Appelachkn  trough  of  Paleozoic  time.  The  thick  series  of  bedded 
rocks  in  this  California  Trough  became  intensely  folded  and  faulted  with  the  deformation 

overlying^  rocks  'in  boVll  ShaS‘a  PT™1 in  Northern  California.  Granitic  rocks  intruded  the 
overlying  rocks  in  both  the  geantichne  and  the  California  trough,  and  the  zinc-copper 

deposits  of  the  Sierra  Nevada  foothills  as  well  as  the  copper-zinc  deposit  of  he  Shasta 

w!rennCotTmited0tboaNy  n  *"*  The  geo,ogic  of  the  Nevadan  RevolitTon 

were  not  limited  to  Nevada  and  California,  however.  The  intrusion  of  igneous  material  in  the 
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Blue  Mountains  area  of  Oregon  began  at  this  time.  The  gold  deposits  of  this  part  of  Oregon 
apparently  also  date  from  this  period,  although  the  great  Mother  Lode  gold  belt  of 
California  is  believed  to  have  formed  somewhat  later. 

The  eastern  seaway  of  the  Cordilleran  Geosyncline  persisted  during  the  Nevadan 
Revolution  as  a  broad,  shallow  interior  sea,  undisturbed  by  deformation  or  intrusions.  In  the 
central  geanticline,  greatly  expanded  and  still  vigorously  rising,  intrusion  and  metallic 
mineral  deposition  continued.  The  copper  district  of  Ely,  Nevada,  toward  the  eastern  edge 
of  the  geanticline,  came  into  being  120  or  110  million  years  ago.  Toward  the  western  edge 
of  the  geanticline,  Yerington’s  copper  deposits  date  from  about  the  same  time. 

The  great  granitic  intrusions  of  Western  North  America,  the  batholiths,  were  intruded 
about  100  million  years  ago.47  These  include  the  Idaho  Batholith,  the  Sierra  Nevada 
Batholith,  and  the  Southern  California  (or  Baja  California)  Batholith.  Unlike  many  smaller 
intrusions,  these  very  large  intrusions  seem  to  have  had  no  direct  effect  on  metallic  mineral 
deposition.  Although  the  exact  age  ol  the  California  Mother  Lode,  a  north-south  belt  of 
gold-quartz  veins  over  100  miles  long,  just  west  of  the  Sierra  Nevada  Batholith,  is  not 
known,  it  was  probably  formed  not  long  after  consolidation  of  that  batholith.48  While  gold 
production  from  the  Mother  Lode  was  very  large,  the  ore  was  relatively  low-grade  and  only 
producible  with  the  low  mining  costs  prevalent  at  the  time. 

Many  geologic  disturbances  occurred  in  the  Western  United  States,  from  the  time  of  the 
Nevadan  Revolution  on,  but  deformation  and  mineralization  reached  a  climax  in  the 
Laramide  Revolution,  about  70  to  50  million  years  ago.  This  revolution  occurred  toward  the 
end  of  the  Mesozoic  Era  and  the  beginning  of  the  Tertiary  period.  The  Laramide  Revolution 
took  place  largely  in  the  region  east  of  the  area  affected  by  the  Nevadan  Revolution  in  what 
is  now  the  Rocky  Mountain  region.  The  broad  interior  sea  that  had  existed  during  the 
Mesozoic  Era  was  wiped  out  by  the  uplift  of  its  floor.  Blocks  such  as  the  Rocky  Mountain 
Front  Range  were  differentially  uplifted.  Stong  folding  and  flat  faulting  took  place  in  beds 
of  thick  sediments,  such  as  those  along  the  western  border  ol  Wyoming.  Many  small  granitic 
masses  were  intruded  and  many  of  these  were  closely  associated  with  metallic  mineral 
deposition. 

Metallic  mineral  deposits  arrived  in  a  swarm  with  the  Laramide  Revolution.  Among 
those  that  were  formed  first  were  the  silver-lead-zinc  deposits  at  Tombstone,  Arizona 
(formed  about  72  million  years  ago),  follow'ed  by  the  Mineral  Park  porphyry  copper  deposit 
in  Northwestern  Arizona  (71  million  years  ago),  the  San  Manuel  porphyry  copper  deposit 
(69  to  65  million  years  ago),  the  Santa  Rita,  New  Mexico,  porphyry  copper  deposit  (65 
million  years  ago),  the  Ajo,  Arizona,  porphyry  copper  deposit  (63  million  years  ago),  the 
Ray  and  Pima,  Arizona,  porphyry  copper  deposits  (60  million  years  ago)  and  the  Morenci, 
Arizona,  porphyry  copper  deposit  (55  million  years  ago).  In  Colorado,  the  Leadville 
silver-lead-zinc  deposits  together  with  the  belt  of  gold  and  silver  deposits  extending 
northeast  from  Leadville  across  the  Front  Range  date  from  about  63  million  years  ago.  The 
great  Butte  copper  deposits  in  Western  Montana  probably  date  from  about  the  same  time. 
Somewhat  later  (about  49  million  years  ago)  came  the  Bingham,  Utah,  porphyry  copper  and 
adjacent  silver-lead-zinc  replacement  limestone  deposits,  and  the  Tintic,  Utah,  intrusion  and 
silver-lead-zinc  replacement  limestone  deposits.  In  Nevada,  intrusion  and  mineralization  in 
the  Eureka  silver-lead-zinc  district  took  place  some  64  million  years  ago. 

In  the  Eastern  United  States,  the  newly-born  Appalachian  mountain  chain  was  reduced 
by  erosion  during  the  Mesozoic  Era.  Extensive  faulting  took  place,  but  there  was  little 
igneous  activity  and  no  known  mineral  deposition.  By  70  million  years  ago,  the  show  was 
over  in  the  Eastern  United  States. 

Toward  the  close  of  the  Mesozoic  Era,  the  last  great  submergence  of  the  North 
American  continent  took  place.  During  this  submergence  a  great  interior  sea  extended  from 
the  eastern  border  of  Nevada  as  far  east  as  Iowa.  It  covered  most  of  Mexico  and  extended 
into  the  Eastern  United  States  over  what  is  now  the  coastal  plain  area.  This  great 
encroachment  of  the  sea  was  wiped  out  by  the  emergence  of  the  land  before  the  end  of 
Mesozoic  time,  when  the  North  American  continent  assumed  essentially  its  present  form.49 
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Fig.  24  -  Part  of  the  Sierra  Nevada  Batholith  near  Bishop,  California,  on  the  eastern  edge  of  what  is  now 
the  Sierra  Nevada  range.  This  large  granitic  mass  was  intruded  into  overlying  rocks  about  100  million  years 
ago.  Although  apparently  not  the  direct  cause  of  mineral  deposition,  many  mineral  deposits,  particularly 
those  of  heavy  metals  such  as  gold  and  tungsten,  are  found  around  the  edges  of  such  formations. 

In  the  Eastern  United  States  at  the  time  of  the  Laramide  Revolution  in  the  West, 
deformation  was  limited  to  the  uplift  of  the  present  Appalachian  Mountain  chain  and 
associated  areas.  The  chain  was  being  eroded  as  it  is  today.  No  known  intrusions  nor 
mineralization  took  place.  In  the  central  interior  of  the  continent,  matters  were  even 
quieter.  The  surface  was  being  reduced  to  its  present  form  by  long-continued,  gradual 
stream  erosion  and  by  mass  wasting.5  0  This  quiet  Mesozoic  and  Tertiary  period  in  the  East 
was  in  marked  contrast  to  the  strong  deformation,  extensive  igneous  activity,  and 
widespread  mineral  deposition  that  was  going  on  in  the  West. 


4.  Cenozoic  Mineral  Deposition 

In  the  West,  after  the  waning  of  the  Laramide  Orogeny  in  the  early  Tertiary  Period,  the 
most  significant  geologic  events  were  the  extrusion  of  great  sheets  of  lava,  faulting  on  a 
tremendous  scale,  lifting  and  depressing  blocks  of  the  crust,  and  the  widespread  deposition 
of  the  so-called  epithermal  metallic  mineral  deposits.  These  took  the  form  of  silver-and/or 
gold-bearing  veins,  usually  associated  with  volcanic  rocks,  with  the  mineral  deposits  formed 
not  far  below  the  existing  surface.  Examples  are  the  Comstock  Lode,  Gold  field,  and 
Tonopah  in  Nevada,  and  Telluride  in  Colorado.  The  silver-and  gold-bearing  veins  at  Telluride 
contained  base-metal  minerals  at  depth,  and  they  are  presently  known  as  deposits  of  lead 
and  zinc. 

Although  the  typical  epithermal  precious  metal  districts  are  now  mostly  exhausted. 
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?=™SThlVe  recently  been  made  of  a  type  of  gold  deposit  which  is  probably  (but  not 
r  v  ^  i  j  ^  iai^  ^  y  anc*  eP^hermal  in  origin.  The  first  such  discovery  was  that  of  the 
Carlin  gold  deposit  in  Northeastern  Nevada  where  specks  of  gold,  invisible  to  the  naked  eye, 
e  in  or  nary  ooking  sediments.  The  deposit,  discovered  in  1962,  is  now  a  successful  open 
pit  mine  A  similar  gold  deposit  has  been  found  near  Cortez,  Nevada,  and  chances  seem 
excellent  for  discovery  of  still  other  Carlin-type  deposits,  so  that  potential  reserves  of  this 
type  ol  gold  mineralization  may  be  very  large.  Toward  the  very  end  of  the  Tertiary  period 
came  the  formation  of  mercury  deposits  in  California,  Nevada,  Oregon,  and  Texas. 


Fig.  25  -  The  porphyry  copper  deposit  at  A/o,  Arizona,  one  of  many  such  deposits  formed  in  the 
Western  United  States  about  60  million  years  ago  during  the  Laramide  Revolution. 
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C.  SUMMARY 


That  part  of  the  contiguous  48  United  States  west  of  the  105th  Meridian  (i  e  west  of 
the  Great  Plains)  does  have  geological  characteristics  significantly  different  from  the 
remainder  of  the  nation.  The  surface  and  near-surface  rocks  in  the  West  are  generally 
younger  than  those  in  the  East  and  they  have  been  faulted  and  intruded  extensively 
Nevertheless,  they  are  generally  not  so  intensely  folded  or  metamorphosed  as  are  the  rocks 
m  the  states  east  of  the  Mississippi.  They  have  been  much  more  disturbed  however  than  the 
rocks  covering  the  middle  of  the  continent.  Volcanic  activity  has  been  much  greater  in  the 

There  are  other  differences  between  the  geology  of  the  West  and  the  rest  of  the  country, 
but  there  are  also  some  similarities.  Both  areas  possess  extensive  deposits  of  sedimentary 
rocks  including  limestone  of  varying  grades.  Although  the  mountains  in  the  East  are  older 
and  have  been  subjected  to  weathering  and  erosion  for  a  greater  length  of  time  the 
Appalachians  and  many  of  the  mountains  of  the  West  were  formed  by  similar  tectonic 
forces  exerted  at  different  times  and  to  different  degrees. 

Based  on  the  history  of  mineral  discovery  over  the  past  200  years,  there  is  little  doubt 
that  both  the  East  and  West  possess  some  minerals  that  may  not  be  considered  valuable  now 
but  which  could  be  so  considered  within  the  next  1 5  years.  Some  mineral  deposits  are  not 
now  known  to  exist,  while  others  are  known  to  exist  but  in  concentrations  too  low  for 
commercial  utilizations,  and  still  others  are  known  to  exist  but  are  considered  only  as 
curiosities  as  uranium  and  zeolites  once  were.  Many  valuable  mineral  deposits  undoubtedly 

he  hidden  beneath  overlying  sedimen  :s,  or  lava  flows,  or  vegetation.  As  one  authority  has 
noted,  J 


The  potential  number  of  such  districts  is  great.  A  large  proportion  of  the 
earth  s  surface  is  blanketed  by  young  sedimentary  formations  and  by  recent  lava 
flows.  How  many  Guanajuatos  lie  concealed  beneath  the  rhyolitic  capping  of  the 
Sierra  Madre  of  Mexico?  How  many  Kirkland  Lake  Districts  are  under  the 
drift-cover  of  the  Canadian  Shield?  How  many  Wilunas  are  still  hidden  by  the 
alluvium  of  the  desert  of  Western  Australia?  How  many  ore  deposits  lurk 
underneath  the  basalt-covered  plateaus  of  the  Columbia  River  region?  If  erosion 
at  Goldfield,  Nevada,  had  stopped  100  feet  higher,  probably  no  ore  would  have 
been  exposed.  How  many  Goldfields  are  still  awaiting  discovery?” 
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\  CHAPTER  4 

THE  mineral  resources  of  the  united  states 

fuel  minerals  deposits  thatTale'  beeTbr!,,!!^’  faracteristics  of  non- 
States  since  1947?  brought  into  production  in  the  United 

"r  pwJuc,h„  prhr 


1872? 


A.  KNOWN  MINERAL  RESOURCES  BEFORE  1872 
1 .  Early  Gold  Deposits 

Mountains  an/thePacf^  ^tween  the  east  front  of  the  Rocky 

coVmn  aI8H  areaf'  There  were  almost  no  railroads '  tie  r  ?fth°Sti,e  Indians  roamed  at  wiH 

awas 

international  trade;  and  it  caused  scientifir  i  30  enormous  expansion  of 

the  earth  I,  is  true,  the  occulence  0f  gold  In  C  17f ^  the  Waste  P|a“*  of 

themse1ves1?Mi8  tltmomenMt  ^as^the"^^^  J^3*  S*5 

and  lavishly,  that  rendered  Marshall’s  forIhoICrco:efylrielfoIt’'ISCa,e’ 

buildlng'o^Bbe  IcmtlIforkS  of 'the' American^  8°^  in  ^  tailrace  of  a  sawntill  he  was 
Sacramento,  California  Marshall  woe  River,  40  miles  northeast  of  what  is  nnw 

V,'S“p“"'l"Tr  *10  tad  oMdued  m'te  J°h"  Su,“-  ■  S«» 

"  rarsw:  6i£s  ~  -  sa 

pointed  out  that  the  mines  were  on  public  lallh^  hT  P'  f’  Smith’  thought  likewise  He 
was  not  desirable  to  have  the  mines  Cked  ?nr  I  k  *°  the  government,  but  that  it 

llh  h"T'  ^i,h’  “T°  do  tfm't'wo'uM^require^n  annv'nf  ^  ^fr  Pubdc  treasury.  According 
with  high  salaries,  and  with  ODDortnnit^c  !  !  y  f  offlcers  and  inferior  agents  all 
ordinary  human  nature.”^  °PP°r,Un,t,es  and  temptations  for  corruption  too  strong  for 

to  be  doneSlto' prot ™f,1d[di*jjr®aJejt.  ^  own  resources  although  clearly  something  had 
longer  operative  in  California-  no  United  II  T‘d  anarchy'  Mexican  mining  law  was  no 
there  was  no  state  government  as  vet  The  h*  WaS  aPP|ica»le  to  the  situahon  aid 
and  their  local  rules®  becamTl  sIbs  Jt  ofT^^Z',^  regZions 

Thedas,  idea  involved  the  right  to  locate  a  ^ 

The  California  gold  place,  lay  in  gulches,  in  the  western  foothills  of  the  Sierra  Nevada, 


Preceding  page  blank 
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PRINCIPAL  MINING  DISTRICTS  IN  THE  UNITED  STATES  V  ' 

c.  I860 
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Fig.  26  -  The  major  known  mineral  resources  of  the  United  States  prior  to  enactment  of  the  minina  laws 
of  the  late  1860's  and  1 872.  At  that  time,  nearly  all  United  Stats*  min*raj  inM,.  - 
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below  the  outcrops  of  one  of  the  greatest  belts  of  gold  veins  in  the  world,  the  Mother  Lode, 
I  his  system  of  veins  extencs  in  the  high  western  foothills  of  the  Sierra  for  over  100  miles, 
running  roughly  north  and  south.  A  few  miles  north  of  the  Mother  Lode  lies  Grass  Valley,  a 
highly  productive  gold  district,  with  narrower  but  richer  veins.  Discovery  of  these  vein 
outcrops  quickly  followed  the  placer  mining  that  had  proceeded  eastward  toward  the 
°utcr°Ps-  Between  1 850  and  1 852  most  of  these  gold-bearing  veins  had  been  found.55  With 
their  discovery,  vein  or  lode  mining  began  to  supplant  the  earlier  placers.  Lode  mining, 
involving  solid  rock  instead  of  loose  gravel,  was  vastly  more  expensive  than  placer  mining, 
and  technically  much  more  difficult.  It  is  not  surprising,  therefore,  that  placer  gold 
production  continued  to  exceed  that  from  lodes  (veins)  until  1873.56 

The  finding  of  placer  gold  in  California  was  the  prelude  to  an  intensive  search  for  other 
placers  over  the  entire  Pacific  slope.  As  one  mining  historian  has  noted,  “Alluvial  gold  is  the 
best  mineral  for  pioneer  mining,  because  it  is  extracted  by  simple  methods,  and,  on  account 
of  small  bulk  in  proportion  to  high  value,  is  cheaply  transported.  The  first  discovery  of  gold, 
therefore,  is  an  important  event  in  the  history  of  any  region.”57  Since  thousands  of  dollars 
worth  of  gold  may  be  carried  by  a  single  pack-mule,  any  immediate  need  for  sophisticated 
transportation  facilities  is  postponed. 

In  1 849  a  party  of  Georgians,  on  their  way  to  California  with  a  herd  of  horses  to  sell  to 
the  placer  miners,  camped  on  Cherry  Creek  near  the  present  site  of  Denver,  Colorado. 
Panning  the  creek  bed,  they  found  gold.  They  found  even  more,  16  miles  further  upstream 
in  the  higher  foothills  of  the  Front  Range.  In  1850,  however,  they  moved  on  to  California 
where  they  placer  mined.  They  returned  to  Georgia  in  1857,  but  resolved  to  investigate  the 
Colorado  showings  further.  In  1858  they  returned  to  their  old  camp  on  Cherry  Creek  and 
prospected  even  further  upstream,  finding  more  and  more  placer  gold.5  ® 

The  word  of  the  Colorado  discovery  spread  and  a  gold  rush  ensued,  resulting  in  the 
discovery  in  1859  of  the  Gregory  Lode  at  Central  City,  Colorado,  the  first  gold  lode 
discovery  in  Colorado.  In  the  same  year  other  lodes  were  discovered,  all  lying  within  the 
so-called  “mineral  belt,”  which  extends  southwest-northeast  across  the  Front  Range  of  the 
Colorado  Rockies.  The  belt  persists  southwest  of  the  Front  Range  and  contains  such  major 
mining  districts  as  Leadville,  Aspen,  and  the  San  Juan  district.  To  this  day  it  has  produced 
an  overwhelming  proportion  of  Colorado’s  metal  yield. 

It  is  not  surprising  that  gold  placers  were  found  near  gold-bearing  veins,  because 
weathering  tends  to  liberate  the  gold  from  the  rock,  and  surface  water  transports  it  down 
hill  and  deposits  it  with  gravel.  What  may  be  surprising  is  the  fact  that  gold  placers  were  also 
found  near  deposits  of  lead  and  zinc  sulfides  containing  high  silver  but  relatively  little  gold. 
The  explanation  lies  in  weathering,  with  its  oxidation  and  solution  of  host  rock  and  less 
resistant  minerals.  Pyrite,  the  iron  sulfide  which  accompanies  most  metallic  mineral 
deposits,  is  altered  by  weathering  to  iron  oxide,  resulting  in  a  liberation  of  iron  sulfates  and 
sulfuric  acid.  These  chemicals  are  able  to  dissolve  many  other  vein  minerals  such  as  calcite 
and  zinc  sulfide.  Gold  resists  oxidation,  however,  and  remains  in  the  outcrop,  which  is  thus 
enriched  by  the  mere  decrease  in  the  volume  of  other  constituents.  As  the  remaining  gold  is 
washed  off  the  hillside  by  surface  water,  it  is  further  concentrated  by  reason  of  its  great 
weight,  dropping  out  of  the  stream  flow  and  percolating  through  the  gravel  toward  bedrock 
where  the  stream  loses  its  velocity,  while  the  finer  gravel  and  sand  continue  downstream.59 

An  example  of  the  result  of  this  process  were  the  deposits  at  Leadville,  Colorado,  80 
miles  west-southwest  of  Denver.  The  unoxidized  mineral  deposit  contained  sulfides  of  lead, 
zinc,  and  iron  with  substantial  silver  but  very  little  gold  replacing  limestone.  In  1860  gold 
was  lound  in  stream  sands  near  Leadville.  The  immediate  result  was  extensive  placer  mining 
which  lasted  15  years.  It  was  not  until  about  1875,  however,  that  the  first  oxidized  lead 
outcrop  was  discovered.60 

In  1861,  after  a  treaty  had  been  signed  with  previously  hostile  Indians,  Idaho  swarmed 
with  gold  prospectors-an  estimated  5,000  in  that  year,  20,000  during  the  next  summer,  and 
25,000  in  1863.  In  June  of  1861,  the  gold-bearing  quartz  veins  of  Silver  City  in  Southwest 
Idaho  were  discovered. 
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Of  the  states  outside  of  California,  Montana  was  by  far  the  richest  in  placer  gold 
deposits.  In  1862  placers  discovered  at  Bannack,  Montana,  (60  mUes  southwest  of  Butte), 
became  the  scene  of  the  fust  important  mining  operation  in  the  state.  Outcrops  of  gold 
veins  were  found  there  the  same  year.  In  1863  the  far  larger  and  richer  placers  in  Alder 
Gulch  were  found  about  60  miles  south-southeast  of  Butte.  By  1868,  $30  million  in  gold 
had  been  won  from  these  placers.  Placer  mining  led  directly  to  the  discovery  of  the  gold  vein 
district  of  Virginia  City,  Montana,  nine  miles  to  the  north  of  Alder  Gulch.  The  Silver  Bow 
placers  in  the  valley  below  Butte  Hill  were  discovered  in  1864.  By  1867  they  had  been 
almost  abandoned,  but  their  discovery  led  indirectly  to  the  development  of  the  fabulous 
copper  deposits  at  Butte.  In  1865  rich  gold  placers  were  discovered  on  the  site  of  what  is 
now  Helena,  Montana,  in  what  shortly  became  a  highly  productive  gold  vein  mining  district. 

In  Montana,  as  elsewhere,  the  placer  miner  blazed  the  trail  for  the  lode 
miner;  indeed,  widening  the  generalization,  one  may  say  that  all  over  our  western 
domain,  as  in  other  parts  of  the  world,  the  finding  of  gold  has  been  the  first  step 
m  the  development  of  a  mining  industry.”6 1 

In  1 864  Californians  returning  from  the  placer  diggings  of  Montana  to  spend  the  winter 
m  the  salt  Lake  Valley  found  gold  in  Bingham  Canyon,  20  miles  southwest  of  Salt  Lake 
City  thus  directing  attention  to  what  later  became  one  of  the  great  copper  mining  districts 

of  the  world.  In  the  same  year,  fragments  of  silver-bearing,  oxidized  lead  minerals  were 
found.0  L 


2.  Early  Silver  Deposits 

i 

Silver,  because  of  its  lighter  weight  than  gold  and  its  tendency  during  weathering  to  be 
dissolved  and  removed  in  solution,  does  not  lend  itself  to  the  formation  of  placer  deposits. 
Furthermore,  silver,  unlike  gold,  occurs  only  rarely  in  its  native  state,  and  special  geologic 
knowledge  is  required  to  recognize  silver  minerals  whereas  gold  can  be  easily  recognized  by 
even  the  novice  prospector.  It  was  the  discovery  of  the  great  Comstock  Lode,  a  few  miles 

south  of  Reno,  Nevada,  that  brought  to  western  prospectors  a  more  specialized  knowledge 
of  silver  deposits. 

There  had  been  minor  gold  placers  mining  in  the  vicinity  of  the  Comstock  Lode  from 
1849  to  1857.  In  1859,  two  placer  miners  found  all  of  the  lower  ground  already  staked,  so 
they  moved  up  the  slope  of  Mount  Davidson,  toward  the  outcrop  of  the  lode  which  was 
then  still  unknown.  There  they  found  gold  specks  in  loose  dirt.  Digging  a  small  basin  to 
conserve  the  scanty  water  from  a  spring  for  placer  mining,  they  uncovered  sandy  material 
and  quartz,  with  fragments  ol  black  rock,  some  of  which  was  the  black  silver  sulfide 
argentite.  A  reportedly  disreputable  character  named  Henry  Comstock  came  along,  asserted 
they  were  on  his  ground,  and  bluffed  them  into  accepting  him  as  partner.  On  June  8 
1859,  they  staked  claims  for  1,500  feet  along  the  lode.  At  the  end  of  June,  a  ranched 
earned  a  piece  of  the  black  rock  to  Grass  Valley,  California,  where  it  was  assayed.  It 
contained  $3,000  worth  of  silver  to  the  ton.  A  man  named  Walsh,  who  had  the  piece 
assayed,  and  the  assayer  started  hell-bent  for  the  Comstock  Lode  and  bought  out  the 
partners  for  a  trifling  sum.  Their  claims  became  the  Ophir  Mine,  which  eventually  produced 
nearly  $  1 8  million  in  silver.6  3  y  v 

The  Price  of  silver  stayed  at  $1.30  per  ounce,  or  more,  until  1872,  and  remained  above 
$1.00  until  1893,  when  it  was  demonetized,  to  the  indignation  of  William  Jennings  Bryan 
and  others.  The  price  then  dropped  abruptly  and  has  risen  only  in  recent  years. 

The  Comstock  Lode  was  a  silver-gold  vein,  with  little  lead  or  zinc.  Similar  veins  were 
airly  abundant  in  the  West  in  the  1860’s,  in  Colorado,  Idaho  and  elsewhere,  but  more 
important  sources  of  silver  over  the  years  have  been  the  silver-lead-zinc  deposits  with  low 
amounts  of  gold.  Such  deposits  occur  in  the  Coeur  d’Alene  district  in  Northern  Idaho 
where  these  occur  in  wide  vein-like  lodes  in  quartzite.  Usually,  however,  they  form  irregular 
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masses  in  limestone,  as  at  Eureka,  Nevada,  at  Tintic  and  Park  City,  Utah,  and  in  numerous 
districts  in  Northern  Mexico.  Such  mineral  deposits  carry  their  metals  as  sulfides  below  the 
zone  of  weathering,  and  the  silver  content  there  is  relatively  low.  The  sulfide  minerals  at  ,  . 

ure  a,  evada,  for  example,  where  the  zone  of  weathering  had  an  extremely  high  silver  • 

content,  earned  eight  ounces  of  silver  per  ton.  .  -  •  "** 

In  the  zone  of  weathering  (between  the  top  of  the  sulfide  mineral  zone  and  the  surface), 
suitur  zinc,  and  other  elements  are  Mostly  removed  by  acid  solutions  derived  from  the 
oxidation  ofsulfides,  mainly  iron  pyrite.  Lead  sulfide  in  limestone  deposits  is  altered  to  lead 
carbonate.  The  silver  typically  remains  with  the  lead  carbonate,  usually  as  a  silver  chloride. 

1  he  silver  content  of  these  lead  carbonate  mineral  deposits  has  been  fabulously  high.  Some 
o  e  high  content  was  due  to  residual  enrichment,  i.e.,  the  removal  of  valueless  material 
dunng  weathering.  But  the  remarkably  high  silver  content  in  oxidized  lead  ores  nearest  the 
surface  at  Leadville  suggested  to  at  least  one  geologist  that  the  silver  was  in  part 
concentrated  and  transported  downward  as  the  outcrops  of  the  ore  bodies  were  lowered  by 

The  Gadsden  Purchase  of  1 854  brought  into  the  United  States  a  strip  of  land  that  had 
been  part  of  Sonora,  Mexico.  There  the  Spanish  tradition  for  silver  mining  had  been  in 
e;“st®nce  |*or  several  hundred  years.  Probably  guided  by  Mexicans,  Americans  discovered 
and  brought  into  production  a  number  of  silver  mines  in  Southern  Arizona  in  the  1850’s 
even  before  the  discovery  of  the  Comstock  Lode  in  Western  Nevada.  The  discovery  of  the  •  ; 

Comstock  in  1859  stimulated  strong  interest  in  silver  throughout  the  Western  United  States. 

The  Comstock  Lode  carried  silver  as  a  sulfide,  however,  and  presented  metallurgical 
difficulties. 


Fig.  28  -  Inoperative  gold  dredge  on  a  stream  south  of  Helena,  Montana,  in  an  area  rich  in  gold  placer 
deposits  in  the  1860's.  Early  placer  mining  here  led  to  later  discoveries  of  silver  and  copper  deposits  that 
subsequently  were  mainly  responsible  for  the  settlement  and  economic  development  of  Montana. 
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3.  Early  Lead  Deposits 


Lead  carbonate  deposits  often  carry  high  concentrations  of  silver  and  are  more  easily 
smelted  than  the  silver  sulfides.  Among  such  silver-bearing  lead  carbonate  deposits,  those  at 
Eureka  and  White  Pine,  Nevada,  came  into  production  in  1869.  Those  at  Cottonwood, 
Utah,  began  producing  in  1870,  while  those  at  Pioche,  Nevada,  and  Park  City,  Utah,  started 
in  1872.  At  Leadville,  Colorado,  production  from  similar  deposits  started  in  1875.  Silver 
sulfide  deposits  at  Tombstone,  Arizona,  were  not  developed  until  nearly  1880. 

The  smelting  of  oxidized  lead  ores  has  been  known  for  thousands  of  years.  The  ancient 
Romans  used  lead  water  pipes.  In  the  American  west,  some  smelting  of  lead  carbonate  ores 
for  local,  domestic  purposes  was  done  in  early  years.  Thus,  in  1 856  Brigham  Young  sent 
Mormon  prospectors  out  from  Salt  Lake  City  in  search  of  needed  lead.  One  of  them  found 
what  later  became  the  Goodsprings  silver-lead-zinc  deposits  near  Las  Vegas,  Nevada.  He 

smelted  about  four  tons  of  lead  but,  in  general,  the  attempt  at  persistent  production  was  a 
failure.65 

A  year  before,  in  1855,  the  Mowry  lead  carbonate  deposit,  northeast  of  Nogales, 
Arizona,  was  purchased  by  army  officers.  In  1858  a  Lieutenant  Mowry  obtained  sole 
control.  This  was  the  first  lead-silver  mine  west  of  the  Rockies  to  be  operated  on  a  fairly 
important  scale.  Rumor  has  it  that  the  lead  was  used  to  make  bullets  for  the  Confederate 
Army  after  the  Civil  War  broke  out.  This  seems  confirmed  by  the  fact  that  in  1862  Federal 
troops,  who  had  chased  the  Confederates  out  of  Arizona,  destroyed  the  mine  plant.66 

The  first  lead  carbonate  deposits  to  be  brought  into  production  on  a  really  large  scale  in 
the  West  were  those  of  Eureka,  Nevada,  90  miles  south  of  Elko.  Outcrops  of  silver-bearing 
lead  carbonate  ore  were  discovered  there  in  1 864.  Large  quantities  of  ore  were  exposed,  but 
they  excited  little  interest.  The  ore  was  unfamiliar  to  the  prospectors,  bearing  no 
resemblance  to  the  Comstock  silver  ore,  and  lead  smelting  on  a  commercial  scale  was 
unknown  in  the  West.  This  was  still  before  the  coming  of  the  railroads,  which  were  needed 
to  provide  the  cheap  transportation  that  is  a  necessary  adjunct  to  the  base  metal  industry. 

Mining  started  at  Eureka  in  1 869,  however,  and  by  1 870  a  satisfactory  smelting  method 
was  devised.  This  had  an  important  effect  on  the  exploitation  of  other  important  lead 
carbonate  deposits,  because  the  method  was  applicable  to  all  of  them.67  To  date,  Eureka 
has  produced  over  60  million  ounces  of  silver  plus  abundant  lead.  Major  production  ended 
in  1885,  but  some  production  persisted  through  1929.68 

In  1865  a  lead  smelter  was  erected  at  Argenta,  Montana,  marking  the  beginning  of 
large-scale  lead  smelting  in  the  West.  In  1866  the  Selby  smelter  was  built  in  San  Francisco 
and  was  later  moved  to  its  present  location  on  tidewater  to  the  north.  In  1869  the  Central 
Pacific  Railroad  coming  east  joined  up  with  the  Union  Pacific  advancing  west  to  complete 
the  first  transcontinental  rail  connection.  This  transcontinental  link  along  with  branch  lines 
and  other  main  railroads  gave  a  great  impetus  to  the  base-metal  industry  in  the  West. 

The  first  claim  located  at  Tintic,  Utah,  was  staked  in  1869  on  a  deposit  of  lead 
carbonate  rich  in  silver.  Development  was  slow  for  the  first  few  years  because  of  the 
difficulty  involved  in  getting  the  ore  to  market.  In  1878,  however,  the  Utah  Southern 

Railroad  was  extended  to  the  Tintic  area,  and  in  the  following  year  production  nearly 
doubled.6* 


4.  Early  Copper  Deposits 

The  copper  deposits  of  the  foothills  copper-zinc  belt  in  California  were  discovered  in 
1861  and  copper  was  mined  on  a  small  scale  at  Silver  Bell,  Arizona,  starting  in  1865.  For  the 
most  part,  however,  copper  production  in  the  West  had  to  await  the  coming  of  the  railroads. 
Copper  production  began  at  Morenci,  Arizona,  in  1881;  at  Butte,  Montana,  in  1882;  at 
Bisbee,  Arizona,  in  1885;  at  Jerome,  Arizona,  in  1 888;  and  at  Bingham,  Utah,  in  1 897.  Prior 

to  1872,  virtually  all  of  the  nation’s  copper  was  produced  in  the  Lake  Superior  district  of 
Northern  Michigan. 
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5.  Other  Early  Mineral  Deposits 

u  j  *"  1 86.°  the  Ca^fornia  gold  placers  in  the  western  foothills  of  the  Sierra  Nevada  (which 

Jel^MothfrT^^tl!1  L8f8),Were  StiH  producin8  heavilV-  Most  of  the  quartz  veins  of  the 
Nevada  for  LOde  i  nn®  be,  *  °f  8°,d  ve,ns  whlch  traverses  the  western  foothills  of  the  Sierra 

Droduction1  The**  ?  ^  bad  been  Covered,  but  in  1860  were  just  coming  into 
p  duction.  The  quartz  veins  of  the  Weaverville  district  in  Northern  California,  however  had 

^dniodeCpnHed  m  h52  and  rrC  ln  fUl1  production  bV  I860.70  By  that  time,  also,  placer 
crest  of  the  ste^r7^61"8  Pr°duced  in  the  TayIorsville  area,  north  of  Lake  Tahoe  near  the 

18  JbfJ AMmadIe,n  merCUry  mine’  south  of  San  Francisco,  had  been  in  production  since 
hf°’"d  the  New  Idna  mercury  mine,  farther  south,  since  1858.72  The  mercury  produced 

n.vtnn  fTi"68  TaS  ?1  ex^reme  lmPortance  to  the  gold  miners.  The  ability  of  mercury  to 
^  nakCS  °f.8°  do^nd  ama,8amate  (absorb)  the  gold  was  utilized  by  both  placer  and 

times  mCrS  Pn°r  t0  872  3nd  10  faCt  haS  bCen  USed  in  many  places  up  to  relative,y  recent 

Production  of  industrial  minerals  was  limited  and  local  in  the  West  prior  to  1872.  Coal 

whilpbHm8  Tined  °ualIy  f°r  fueI*  Clay  Was  cluarried  for  the  making  of  common  red  brick, 
while  limestone  was  burnt  to  make  quicklime  for  plaster,  mortar,  and  whitewash. 

6.  Early  Mineral  Deposit  Characteristics 


Mineral  deposits  known  to  exist  prior  to  1872  both  in  the  eastern  and  western  portions 
ot  the  country  possessed  many  common  characteristics.  Most  were  relatively  small  deposits 
at  least  the  known  and  economically  workable  portions  were  small.  They  covered  relatively 
small  areas,  measured  in  hundreds  of  feet  both  on  the  surface  and  in  depth.  Total  tonnages 
ot  known  reserves  were  measured  in  tens  of  thousands  of  tons. 

Even  though  most  producing  deposits  were  small,  it  should  be  noted  that  many  were 
simply  relatively  small  high-grade  portions  of  much  larger  mineral  deposits  which  did  not 
become  known  or  considered  as  valuable  mineral  deposits  until  the  20th  Century 

Most  known  mineral  deposits  in  the  United  States  in  the  1860’s  were  relatively  close  to 
the  surface  and,  in  fact,  had  been  discovered  as  outcrops  or  surface  deposits  of  alluvial 
material.  Concealment,  where  there  was  any,  was  provided  only  by  vegetation  and  soil  or 
relatively  thin  beds  of  surface  gravel  or  talus.  These  did  not  include,  of  course,  the  mineral 
deposits,  concealed  at  depth  that  were  then  in  existence  (and  subsequently  worked) 
adjacent  to  known  deposits  that  were  exposed  at  the  surface.  In  the  West  such  concealment 
at  depth  was  limited  almost  exclusively  to  metallic  minerals,  particularly  gold,  silver, 
mercury,  and  lead,  which  tended  to  occur  in  ore  shoots ,  or  zones  of  higher  concentration, 
even  within  a  given  mineral  deposit.  Such  ore  shoots  were  often  elusive  targets  for  the  early 
miner  even  when  he  had  found  the  vein. 


Most  known  metallic  mineral  deposits  in  the  United  States  prior  to  1872  (except  for 
gold  placers)  were  in  veins  or  vein-like  structures.  Some  massive  replacement  deposits  were 
known  and  lens  or  pod  deposits  were  also  being  worked.  Except  for  gold  (and  copper  in 
Michigan)  which  occurred  as  native  metal,  most  metallic  ore  minerals  were  carbonates  or 
oxides,  products  of  surface  geologic  conditions  and  chemical  processes.  Sulfides  were  not 
widely  considered  to  be  ore  minerals  except  in  the  cases  of  silver  and  mercury.  The  most 
common  gangue  minerals  were  the  quartz  and  calcite  which  comprised  the  groundmass  of 
the  veins  in  which  the  ore  minerals  were  usually  found. 

Before  1872,  as  now,  valuable  mineral  deposits  were  found  in  a  variety  of  geological 
environments.  But  the  most  common  involved  intrusive  igneous,  metamorphic,  and 
limestone  host  rocks.  Deposits  of  metallic  minerals  were  perhaps  most  commonly  known  to 
occur  in  heavily  metamorphosed  areas  around  the  edges  of  large  igneous  intrusions  (e.g.,  the 
Sierra  Nevada  Batholith)  or  in  folded  and  faulted  limestones  where  mineralogical 
replacement  had  taken  place.  In  the  eastern  part  of  the  nation  this  was  also  true,  with 


* 


i  ♦ 

» 


.  i 
* 


« 

t 


i 


69 


deposit  in  the  Canadian  Shield  and  Appalachians  being  those  that  dominated 

froJ  :,rn;mHeiall‘Ct  TT3'5,  pr!ncipally  *?•  Calcium  *****»,  and  cla^s  were  extracted 
thk  h™  R  p  r  were, knOWn  *.°  be  widesP«ad  throughout  the  United  States  at 

this  time.  Except  tor  certain  clays  considered  particularly  valuable  for  special  grades  of 

pottery  there  was  little  distinction  between  deposits  of  roughly  equivalent  materials 

Virtually  all  industrial  minerals  were  used  as  extracted  with  no  additional  processing  except 
for  the  burning  of  limestone  to  produce  lime.  processing  except 

Many  of  the  mineral  commodities  now  produced  commercially  in  the  Western  United 
States  were  not  even  considered  to  be  in  existence  prior  to  1 872.  For  many  of  them  there 
amply  was  no  commercial  use.  Among  the  metals,  aluminum,  for  example  was  not  bJougW 
into  industrial  use  until  after  the  mvention  of  the  Hall  Process  in  the  early  1900’s  Among 
he  other  metals,  even  zinc  was  not  being  mined  commercially  in  the  UnUed  States  i^^hf 

Ilranin  n°f  WCTe  vanad,ufn-  manganese,  tungsten,  molybdenum,  or  beryllium 

Uranium,  of  course,  did  not  come  into  prominence  as  a  non-metallic  mineral  resource  until 

ACentUry  atfr'  AS  Sh°wn  in  Table  6’  only  a  relative  few  of  the  minerals  now  widely 
used  in  American  industry  were  produced  domestically  before  1 872.  y 

Of  those  metals  that  were  being  mined  commercially  in  the  United  States  in  the  1 860’s 
mm  ore  deposits  commonly  contained  about  60  percent  iron  as  irl  oxide  These  were’ 
duect  reduction  ojes,  as  there  was  virtually  no  ore  benef.ciation  practled  at  that  tie 
ron£  dep0S‘tS’  where  commercially  useable  in  the  West,  contained  from  five  to  six  percent 
“PPfr'n  °*lde  or  tarb™ate  These  also  were  direct  smelting  ores.  Only  in  the  uppe! 
Michigan  native  copper  district  did  commercially  useable  copper  ores  in  the  1860’s  contain 
ttle  as  two  percent  copper.  Lead  ores  that  were  mined  in  the  United  States  prior  to  1 877 

bvTffiO  andUth25  PT?t  le3d'  Mercury  had  been  mined  m  the  West  for  a  number  of  years 

sersrr the  °e  dep°sits  then  — « -  *ot:ros 

ra^edVrom  ^To^ToltirtL^  ‘W°  °UnCeS  ^  t0"'  CommerciallV  —ble  silver  ores 

1 872^ordy  calllirfits'carbonate0 formas  hmestoneand*sodium in* ite  chforid^form'as  sa^t 
were  of  substantial  commercial  importance.  Calcium  carbonate  deoo  hs  J  Z  , 
contained  about  40  percent  calcium.  This  is  roughly  equivalent  to  between  90  and  9S 

Er€F^;i9rLU- 

Phosphates,  and  sulfurwereZ  mTnedTt 
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Table  6 


MINIMUM  CONCENTRATIONS  OF  SELECTED  ELEMENTS 
NORMALLY  NEEDED  FOR  ECONOMIC  MINERAL  DEVELOPMENT  .  . 

IN  1860 


Element 

Minimum  Necessary  Recoverable  Content 

Grade 

Weight 

Content 

(in  parts  per  million  by  weight) 

(Percent) 

(lbs/ton)  . 

Aluminum 

NSM 

Iron 

600,000 

60 

1200 

Calcium 

400,000  (in  carbonate  form) 

40 

800 

Sodium 

390,000  (in  chloride  form) 

39 

780 

Potassium 

NSM 

Phosphorus 

NSM 

Manganese 

NSM 

Sulfur 

NSM 

Vanadium 

NSM 

Nickel 

NSM 

Zinc 

NSM 

Copper 

50,000  to  60,000 

5  to  6 

100  to  120 

Lead 

250,000 

25 

500 

Beryllium 

NSM 

Uranium 

NSM 

Tungsten 

NSM 

Molybdenum 

NSM 

_ 

Mercury 

20,000  to  10,000 

1  to  2 

20  to  40 

Silver 

1,400  to  3,100 

.14  to  .31 

34  to  74  oz/ton 

Gold 

30  to  70 

— 

0.7  to  1.7  oz/tOQ* 

i 


NSM  -  No  significant  mining  in  the  United  States 
Sources  of  data:  Various 
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B.  CHANGES  IN  MINERAL  RESOURCES  TO  1947 
I .  Changes  in  Mineral  Deposit  Characteristics 

small  bonanza  °rC  bodies  whlch  were  found  and  mined  between  1860  and  1900  in 

conn'IrT"  Vr;d*ale\re,  largely  SeCOndary’  enriched  deP™K  of  the  precious  metals, 
P°Pper’  and  lead'  Whe"  the  d“Per  Pnmary  zone  was  reached  in  these  deposits,  mining 
stopped  in  most  cases  due  to  the  lower  grade  of  rock.  As  technology  advanced  and  demand 

reone^d’  7“^  ^  !°  """*  ‘he  l0Wer  grade  rock  at  a  Profit  and  many  mines  were 

reopened.  In  a  number  of  mining  districts,  large  areas  containing  low-grade  rock  previously 

lE  ktotes  hT  mt°  7f,table  mTS:  SinCe  1860  the  minin«  mdusuy  in  the  Western 
has  pr0gresshed  from  smal>-  nch  “re  deposits  to  progressively  larger  and  lower 
^de  mineral  deposits  which  were  made  into  mines  by  a  combination  of  more  advanced 
technology  and/or  increasing  pnces  and  demand  for  the  product. 

Tinian  SV™!  °a  ^°rd  ^ar  n,.?C  grade  °f  commercially  workable  mineral  deposits  in  the 
ted  States  had  declined  considerably  from  the  levels  existant  prior  to  1872  The  average 

fade  °.f  commercially  useable  gold  ore  in  place  had  gone  from  two  ounces  per.on  down  to 

H  °uun  rnCe  Per  ‘T-  P‘aCer  g°ld’ t0  be  commercially  workable,  needed  only 

4^  ten  thousandths  of  an  ounce  of  gold  per  ton.  Silver  ore  averaged  a  little  under  20  ounces 

to  1947  Si8  !uChn0l°g,e?  0f  me(al  mining  over  the  more  ‘ban  80  year  span  from  1 860 
to  1947  also  had  their  impact  upon  the  grade  of  commercially  useable  base  metal  deposits 

^theee8advT90o‘sah8rdSCt  "'IITr,8  (b°‘h  °Pe"'pit  and  under8round  block  caving)  methods 
n  l8«Wn  L900i  h  d  reduced  the  average  content  of  copper  ores  from  about  five  percent 
860  to  less  than  one  percent  by  1947.  Lead  ores  had  dropped  from  25  percent  to 
one-tenth  that  amount,  and  ores  of  less  than  three  percent  lead  were  being  mined 

proTctwhh  LdhehUni94d7StateVn  the  late  l940’s-  Zinc-  in  man>'  instances  a  companion 
?872 “  in  1947  1’  b  947  Wa4S  be,ng  mined  where  it  had  not  been  mined  at  all  prior  to 

percent  zinc47’  aVerage  8  °f  Z'nC  ores  lnined  in  the  United  States  was  about  five 

r»^AdVan  cd  and  cheaper  minerals  beneficiation  techniques  also  had  their  impact  on  iron 
resources.  From  ores  containing  about  60  percent  iron  in  the  1860’s,  the  average  grade  of 

most°7f  ,T  ln  tbe  Umt*d.  States  had  dropped  to  about  40  percent  iron  by  1947,  and 

fhrnace'input re<,Ulred  benef,Clatlon  of  one  kind  or  ano‘her  before  being  suitable  as  blast 

Mercury  ores  mined  in  the  United  States  had  also  declined  in  average  grade  by  1947  In 
that  year,  ores  averaging  about  1 2  pounds  per  ton  or  six-tenths  of  one  percent  mercury  were 

being  mined  in  California  and  other  parts  of  the  West.  This  was  about  one-third  of  the  two 
percent  ores  mined  prior  to  1872. 

ii  B/;hec  Cnd  °[  Wor,d  War  other  metals  were  being  mined  for  the  first  time  in  the 
nited  States.  In  1947,  molybdenum  was  being  mined  in  the  United  States  as  a 
steehahoymg  metal  and  the  average  grade  of  its  ores  was  about  three-tenths  of  one  percent 
molybdenum.  Uranium  had  just  begun  to  be  mined.  The  average  grade  of  uranium  ore  was 
running  about  two-tenths  of  one  percent  ^Og.  Nickel,  another  major  metal  in  the  alloying 
of  steel,  was  still  not  being  mined  in  the  United  States  in  1947,  and  virtually  all  of  the 
nation  s  needs  were  supplied  from  Canada. 

*m?ng  ,be ■mdustrial  minerals  the  average  grade  of  limestone  and  sodium  chloride 
deposits  in  1 947  remained  practically  unchanged  from  the  average  grade  mined  in  the  1 860’s 
h,mmg  SO,me.l°f.the  "ewer  industrial  minerals,  however,  phosphates  had  come  into  wide  use 
the  United  Stages  yCar  COntaining  12  Percent  P2O5  was  being  mined  commercially  in 


2.  Changes  in  the  Location  of  Mineral  Resources' 

betw«n°thf 1 860^*^*  ‘°°Hk  ‘,n  the  kn0wn  mineral  res°urces  of  the  United  States 

™  an,d,the  end  of  World  War  II  reflected  the  general  westward  movement 

resource"*  st  of  rM-‘,0n  ^  md"S!ry'  The  discov^  a"d  development  of  mineral 
resources  west  of  he  M.ss  sstpp,  ,s  virtually  the  story  of  the  taming  of  the  West. 

recognized  ’lead  carhonS  ™T  W3S  dymg  °ut  at  Leadville,  Colorado,  a  prospector 

outcrop  of  lowUde  ore^  Pr°blb'y  Carried  silver’.he  sank  a  P«  an 

bv  1878  F  stimulated  the  search  for  similar  deposits  in  the  area  so  that 

the  area  wa^  cottrocted  ^  1  ^  ‘?‘a"ad  «  million”  The  first 

rich  yield  in  silver  from  I  e^n8’  d  shortly  followed  by  a  number  of  others.  The 

h  ^POo'^jus^O mUeswe^ of Leadvnle.^°*0rad0  S'mdar 

the  fact  that™  achinr^v"  the^a"  Juan  re8|on  ln  Southwestern  Colorado.  Despite 

termimis  oOhe'^enver'and^Rio  r  Z  , 7  bUrr°S  fr°m  Colorado  Springs,  then  the 
Thp  l  it,  •  and  ^10  Grande  railroad,  a  smelter  was  erected  north  of  Silverton 

at  Tintfc  and'leaZhe31  [W  ‘"ere  '3y, in  VeinS  and  were  n0‘  'taertone  replacements  as 

Between  1873  and  97S  M  "  7™  ^  and  they  s,i"  P^duce  lead  and  zinc. 

H  nV  r  d  928  San  Juan  reg,on  Produced  more  than  six  million  ounces  of 

gold  128  million  ounces  of  silver  and  abundant  lead  and  zinc.7  ^  ounces  ot 

„  n,rf  great  li0mestake  go,d  mine  in  the  B,ack  Hills  of  South  Dakota  must  be  mentioned  as 

r*br  bodytof 

producer  of  gold  in  the  United  %£$£*£ 

assoria  te™  wit  Me!  hfriu  mT?  '«"•  ^  *>«  --red  in  narrow ’v^ 

In  l|,87q7Ih!.he<!SilVtrleadDZincC  deposits  of  Tombstone  in  Southeast  Arizona  were  discovered 
earheH  n  Southern  Pacific  had  reached  Casa  Grande  near  Phoenix  and  by  1880  had 
reached  Benson,  only  30  miles  from  Tombstone.  With  the  coming  of  the  railroad  the 

became^ a'major'site  of  sll"  e/re^rves™  ^  °f  ^  ^  faCilitated  and  Tombsto- 

W3S  f f‘,  draW"  ‘°  the  Coeur  d’Alene  silver-lead-zinc  lode  deposits  in  Northern 
led  to  the  disc"  f°r  ?i°'d  P'aCerS'  ln  ' 885’ tlle  tra“"6  of  a  piece  of  galena  Uoat  up  a  h  11 
wfth  only  a  win,  d  7777"  ^  ™S  greal  distric<  ba*  operative! 

rich  in  silver  near  tl?  7  ^  StnkeS  and  ,OW  metal  prices’  ever  since-  Once  ores 

produced  in  the  Coeur' TAT'  uV 3xilaUSted  in  early  years,  the  value  of  base  metals 

1931  Rut  in  Q1I  .  ,  le  equalled  °r  perhaps  excceded  that  of  silver,  at  least  up  to 

S..nCh-B  Lr  793.  n,C1  sllver'c°PPer  ore  was  discovered  on  the  1700  foot  level  of  the 
"?A^ine,.  In  thls  waV  the  famous  Coeur  d’Alene  “Silver  Belt”  was  discovered  The 
,  UF  |dQnnene  dlStn?t  1S  t0day  t,le  largest  Producer  of  silver  in  the  United  States 
in  1900  came  the  discovery  of  the  silver  district  of  Tonopah  Nevada  180  miles 
outhwest  of  Reno,  and  in  1906  that  of  the  gold  camp  of  Goldfield,  25  miles  south  of 
Tonopah.  Base  metals  are  sparse  in  both  districts.80 

silve!thoMead  S.ZcK  nf  Sma"  diStriC,S  Were  develoPed  <see  Fi8ure  29),  there  were  no  gold, 
1946  94V' ‘  H  any  major  importance  discovered  in  the  West  between  1906  and 

JvT  .  947  wartlme  restrictions  forbade  the  mining  of  gold  except  as  a  by-product  in  the 

increased'costs  and  the  me,a^  T  ,'?45  ,‘he  ba"  °»  gold  was  lifted,  Vu,  because  of 
In  U>47  >7  ,  1  .  expense  ol  rehabilitating  abandoned  mines,  there  was  little  revival 

In  1947,  lew  straight  gold  mines  besides  Homestake  were  operating  in  the  United  States 

It  has  been  suggested  that  there  were  shifts  in  the  location  of  the  principal  known 
resources  of  gold,  silver,  and  lead  in  the  West  between  1872  and  1947  The  astonishing  fact 

fnTlsT-n  the  ,relat,Ve  lack  °f  such  sllifts  since  ,he  discovery  of  the  Coeur  d’Alene  district 
1 1  XQM5't  0n  y  ™aJ-  dlStncts  brouBht  »’  between  that  year  and  1 946  were  Cripple  Creek 
(1891),  Tonopah  (1900),  and  Goldfield  (1906).  Such  present-day  producers  as  Bingham 
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Fig.  29  -  Metal  mining  districts  brought  into  production  in  the  Western  United  States  from  1845  to 
1965.  Most  of  the  new  development  occurred  between  1860  and  1920.  In  the  1870's,  the  decade  which  saw 
the  greatest  development,  more  than  40  new  mining  districts  were  brought  into  production.  At  least  eight 
of  these  still  provide  metallic  minerals  for  the  nation's  industry. 
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Butte,  Park  City,  and  Tintic  have  been  known  for  90  years  or  more,  although  the  first 
production  from  some  of  these  did  not  start  that  early.  There  have  been  important  gold 
discoveries  since  1 946,  but  none  of  any  major  silver-lead  districts.  Have  they  all  been  found? 
Ihe  answer  is  safely  no,  but  the  finding  of  new  resources  may  depend  on  advances  in 
exploration  techniques  not  presently  in  sight. 

From  1 860  to  1 882  the  Lake  Superior  region  of  Northern  Michigan  accounted  for 

etween  95  and  63  percent  of  total  United  States  copper  production,  depending  on  the 
year.  As  mmes  in  the  Western  United  States  were  developed,  the  Lake  Superior  region’s 
share  of  total  domestic  copper  production  fell.  Beginning  about  1880,82  Arizona  and 
Montana  became  important  copper  producers.  By  1900  Lake  Superior  production  had 
dropped  to  less  than  a  quarter  of  the  total,  while  the  Butte,  Montana,  district  had  become 
the  largest  single  producing  area  with  nearly  45  percent  of  the  total.83  Arizona  occupied 
third  place  with  almost  20  percent  of  the  total.  Michigan,  Arizona,  and  Montana  combined 
accounted  for  nearly  90  percent  of  total  copper  production  in  the  United  States  in  1 900. 

d  i mn f,FSt  P?Ft  °f  the  20th  Century> the  shift  in  Production  toward  the  West  continued. 
By  1910  Butte  s  share  had  decreased,  while  Arizona’s  had  increased.  By  1915  the  Lake 
Superior  region  s  share  had  fallen  to  less  than  a  sixth,  and  nine  western  districts  (in  Arizona 
Montana,  Utah,  Nevada,  and  New  Mexico)  accounted  for  almost  two-thirds  of  domestic 
copper  production.  Five  districts  in  Arizona  (Bisbee,  Globe,  Ray,  Jerome,  and  Morenci) 
produced  nearly  30  percent,  making  that  state  the  nation’s  leading  site  of  copper  resources. 
These  major  districts,  along  with  newer  ones  and  small  mine  production  from  other  districts, 
have  made  Arizona  the  leading  domestic  copper  producer  from  1910  to  date.85 

The  discovery  and  development  of  copper  mineral  deposits  in  the  United  States  since 
1872  have  fallen  into  two  main  periods,  with  some  overlap.  The  first  involved  the  mining  of 
high-grade  deposits,  veins,  massive  replacements  in  limestone,  and  other  similar  types  of  ore 
deposits.  The  second  entailed  the  mining  of  large,  very  low-grade  “porphyry  coppers”  such 
as  those  at  Bingham,  Utah,  and  Morenci,  Arizona.  Phase  two  only  came  into  being  after  the 

first  porphyry  copper,  Bingham,  had  been  successfully  put  into  production  by  the  Utah 
Copper  Company  in  1907. 

In  the  first  phase  at  Morenci,  in  far  eastern  Arizona,  high-grade  carbonates  and  oxides  of 
copper  were  mined  before  1880  and  smelted  locally.  Carbonate  and  oxide  copper  minerals 


Table  7 

LEADING  COPPER  PRODUCING  DISTRICTS  IN  THE  UNITED  STATES,  1910 


District 

Percent  of  Total 
Domestic  Production 

Butte,  Montana 

26.2 

Lake  Superior 

20.5 

Bisbee,  Arizona 

13.2 

Bingham,  Utah 

10.4  • 

Morenci,  Arizona 

6.8 

Ely,  Nevada 

5.8 

Jerome,  Arizona 

3.6 

Shasta,  California 

3.3 

Globe,  Arizona 

2.6 

Source  of  Data:  Mineral  Resources  of  the  United  States,  Part  I,  Metals,  1910,  U.S. 
Geological  Survey,  p.  165. 
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are  relatively  easy  to  smelt.  The  matte  (crude  copper  metal  plus  some  impurities  that  had  to 
be  refined  out)  was  hauled  by  wagon  from  the  Morenci  district  1 200  miles  to  Kansas  City. 
These  high-grade  oxide  ores,  averaging  20  percent  copper,  occurred  in  limestone.  The  great 
bulk  of  more  recent  Morenci  production,  however,  has  come  from  relatively  low-grade, 
disseminated  copper  minerals  in  an  intrusive  rock  allied  to  granite. 

Although  the  Bingham  pit  is  considered  the  pioneer  and  prototype  of  the  low-grade, 
large-scale  “porphyry”  coppers,  Morenci  in  a  sense  foreshadowed  it.  In  1 900,  when  the 
carbonate-oxide  ores  in  limestone  at  Morenci  were  nearly  depleted,  the  low-grade  sulfides  in 
the  porphyry  were  explored.  By  1904  the  Humboldt  porphyry  Coppermine  was  one  of  the 
Morenci  district’s  main  producers.  The  grade  of  ore  ran  from  three  to  four  percent  copper, 
considerably  higher  than  that  of  the  typical  porphyry  copper  in  operation  today.  Mining  of 
the  vast  Morenci  porphyry  ore  body,  carrying  one  percent  copper,  did  not  come  until  much 
later,  however.86 

Butte,  Montana,  was  the  first  major  copper  vein  district  to  be  exploited  in  the  United 
States.  It  is  by  far  the  greatest  still.  As  has  been  mentioned,  gold  placers  first  directed 
attention  to  the  Butte  area.  The  transition  from  gold  mining  to  copper  mining  was  by  way 
of  silver  mining.  This  was  natural  when  one  reflects  that  silver  in  the  late  1 860’s  (after  the 
strong  rise  in  copper  price  owing  to  the  Civil  War)  and  in  the  1870’s  (except  for  a  brief  rise 
in  price,  1872-73)  was  worth  about  six  times  as  much  per  ounce  as  copper  was  per  pound. 

The  first  lode  claim  was  staked  on  the  hillsides  of  Butte  in  1 864,  and  was  soon  followed 
by  others.  The  claim-stakers  were  looking  for  freemilling  gold  ore  (i.e.,  gold  that  could  be 
recovered  by  amalgamation  with  mercury).  The  manganese-stained  silver  veins  baffled  them. 
Rich  silver  ore  was  recognized  in  one  vein  in  1 865,  but  attempts  to  extract  the  silver  failed. 
By  1876,  however,  metallurgical  problems  were  solved.  The  peak  of  silver  mining  came  at 
Butte  in  1 887,  when  five  silver  mills  were  operating. 

The  Anaconda  in  1881  was  a  silver  prospect.  At  a  depth  of  100  feet  a  narrow  seam  of 
copper  sulfide  was  exposed,  and  on  the  300  foot  level  a  vein  of  ore  containing  abundant 
copper  sulfides,  five  feet  in  width,  was  cut.  The  copper  ore  was  originally  shipped  to 
Swansea,  Wales,  for  smelting  but  soon  local  smelters  obviated  the  need  for  further  shipments 
overseas.  Between  1884  and  1897,  Anaconda  ore  averaged  about  five  percent  copper  and 
four  ounces  of  silver  per  ton.8  1  This  metal  content  was  typical  of  the  high-grade  copper 
veins.  \ 

The  Old  Dominion  mine  at  Globe,  Arizona,  60  miles  east  of  Phoenix,  was  brought  into 
production  in  1881  as  the  first  of  the  Arizona  copper  districts,  although  the  claims  were 
staked  in  1875  in  the  hope  that  the  deposit  was  one  of  silver.  The  copper  mineral  deposit 
was  vein-like,  lying  along  a  fault,  and  most  of  the  early  ore  mined  (up  to  1903)  was  copper 
oxide  ranging  in  grade  between  six  and  20  percent  copper.88  The  Old  Dominion  closed  for 
good  during  the  Depression  of  the  early  1930’s,  but  the  district  remained  an  important 
source  of  copper  because  of  other  mines  developed  later  at  nearby  Miami  and  Inspiration. 
At  Bisbee,  in  Southern  Arizona,  high-grade  oxidized  copper  deposits  in  limestone  became  an 
important  source  of  copper  beginning  in  1885. 8  9 

The  Jerome  district,  100  miles  north  of  Phoenix,  Arizona,  belongs  with  the  high-grade 
copper  deposits  of  the  late  1800’s,  although  mining  there  persisted  well  into  the  middle  of 
the  20th  Century.  The  first  claims  on  the  Jerome  copper  deposit  were  staked  in  1876.  Dr. 
James  Douglas,  the  founder  of  Bisbee,  examined  the  Jerome  prospect  in  1880.  He 
recommended  its  development  but  warned  that  no  profit  could  be  expected  until  the  Santa 
Fe  Railroad,  which  was  building  west  from  Albuquerque,  reached  Ash  Fork,  40  miles  north 
of  Jerome.  The  United  Verde  Company  was  incorporated  in  1 882,  and  the  Santa  Fe  reached 
Ash  Fork  in  1 883. 

A  copper  smelter  was  constructed  near  Jerome,  the  parts  for  it  being  hauled  by  wagon 
over  the  mountains  from  Ash  Fork.  Coke  for  the  smelter  came  from  Wales,  around  the  Horn 
by  ship  to  San  Francisco,  thence  by  rail  to  Ash  Fork,  and  last  by  wagon  to  Jerome.  The 
resultant  high  costs  together  with  poor  management  caused  the  United  Verde  to  fail  in 
1887,  but  the  deposit  was  purchased  in  1888  by  W.  A.  Clark  of  Butte  fame.  A  narrow-gauge 
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railroad  was  built  connecting  Ash  For  e  with  Jerome,  a  new  smelter  was  installed,  and  the 
era  of  fabulous  production  and  profits  from  the  United  Verde  began.90 

Geologically,  the  United  Verde  deposit  was  a  volcanic  pipe  800  x  700  feet  across  and  over 
3,000  feet  deep,  intruded  in  ancient  schists.  It  consisted  of  massive  sulfides  of  copper  and 
iron  with  quartz.  In  the  closing  years  of  mining,  the  average  grade  was  five  to  six  percent 
copper,  with  considerable  silver.  Earlier  ore  mined  ran  much  higher.91  The  United  Verde 
Extension  ore  body,  discovered  in  1914,  lay  on  the  opposite  side  of  a  fault  from  the  original 
United  Verde  ore  body.  It  actually  was  the  former  top  portion  of  that  pipe,  sliced  off  and 
moved  downward  by  the  faulting.  In  1916  the  grade  of  ore  produced  from  the  Extension 
was  nearly  24  percent  copper.92 

The  Magma  copper  mine  at  Superior,  60  miles  east  of  Phoenix,  Arizona,  is  a  major 
example  of  the  high-grade  copper  vein  type  of  deposit.  The  outcrop  of  the  fault  along  which 
the  magma  copper  ore  bodies  lie  was  discovered  in  1875  during  a  searcli  for  a  silver  deposit 
comparable  to  that  of  the  Silver  King,  a  highly  successful  silver  mine  not  far  away.  Being  a 
copper  deposit,  the  Magma  ore  deposit  disappointed  the  old-timers  who  found  it,  and  there 
was  little  or  no  production  until  the  mine  was  acquired  by  its  present  owners,  the  Magma 
Copper  Company,  in  1910.  At  that  time  the  property  was  30  miles  from  a  railroad  and 
during  the  early  life  of  the  mine  all  supplies  had  to  be  hauled  in  by  wagon  at  a  cost  of  $10 
per  ton.  A  narrow-gauge  railroad  was  constructed  in  1914,  followed  later  by  a  standard 
gauge  line.  A  small  concentrator  was  built  in  1913  and  was  later  greatly  enlarged.  A  smelter 
was  put  in  operation  in  1  924. 9  3 

The  oxidized  ore  near  the  surface  at  Magma  was  very  rich.  Shipments  in  1912  averaged  48 
percent  copper  and  68  ounces  of  silver  per  ton.  Second-class  ore  averaged  16  percent  copper 
and  18  ounces  of  silver  per  ton.94  The  sulfide  ore  was,  of  course,  much  lower  in  copper 
content,  but  was  still  relatively  high-grade.  In  1925  sulfide  ore  on  the  2,000  foot  level 
averaged  better  than  six  percent  copper.95  The  ore  today  averages  about  five  percent 
copper. 

Early  mining  at  Silver  Bell,  35  miles  northwest  of  Tucson,  Arizona,  deserves  mention  with 
the  high-grade  deposits  of  the  late  1800’s,  although  Silver  Bell  later  became  a  “porphyry” 
copper.  The  mining  of  oxidized  copper  ores  from  replacement  deposits  in  limestone  started 
in  1865  at  Silver  Bell.  The  copper  was  smelted  locally.  By  1909,  45  million  pounds  of 
copper  had  been  produced  from  the  district. 

The  high-grade  copper  deposits  that  have  been  mentioned  were  all  discovered  in  1877  or 
earlier,  most  of  them  as  a  result  of  the  search  for  precious  metals,  particularly  silver.  Unlike 
the  gold,  silver,  and  lead-silver  deposits,  however,  where  mining  usually  began  shortly  after 
discovery,  with  copper  there  was  commonly  considerable  lag  between  discovery  and 
production.  The  lag  was  not  universal,  of  course.  At  Silver  Bell,  production  of  oxidized 
copper  ore,  starting  in  1865,  probably  came  not  long  after  discovery.  At  Morenci,  where 
oxidized  copper  ores  were  found  in  1872,  the  lag  was  only  three  years.  The  Old  Dominion  ore 
body  at  Globe  was  found  in  1875,  but  to  bring  it  to  production  took  six  years.  The 
high-grade  oxidized  copper  ores  in  the  limestone  at  Bisbee  were  first  recognized  in  1877,  but 
it  took  eight  years  to  bring  these  to  production.  At  Butte,  where  attention  was  first  paid  to 
the  copper  veins  in  1872,  the  lag  was  12  years,  and  although  the  Jerome  copper  deposits 
were  discovered  in  1876,  it  was  18  years  before  substantial  production  began.  Finally,  the 
Magma  deposit  was  found  in  1875,  but  35  years  elapsed  before  substantial  production 
started. 

Neither  large  scale  underground  mining  by  block-caving  nor  open  pit  mining  were  familiar 
to  western  miners  before  the  Bingham  open  pit  was  successfully  put  into  production  in 
1907.  Both  methods  were  imported  from  the  Lake  Superior  iron  country  of  Michigan  and 
Minnesota.  The  consideration  of  large,  low-grade  copper  deposits  as  economic  resources  had 
to  await  the  arrival  of  these  cheap  mining  methods,  together  with  the  perfection  of  methods 
for  concentrating  low-grade  sulfide  minerals. 

The  pioneer  and  prototype  of  the  large  scale  “porphyry”  coppers  was  the  disseminated 
copper  mineralization  found  in  the  large  intrusive  mass  of  granite-type  rock  at  Bingham,  20 
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Fig.  30  —  The  copper  smelter  at  Superior,  Arizona.  Built  in  1924,  the  smelter  was  designed  to  produce 
copper  metal  from  the  rich  (five  to  six  percent  copper )  ores  produced  by  the  Magma  Mine  from  vein  and 
massive  sulfide  replacement  deopsits  in  limestone.  Discovered  by  men  looking  for  silver,  the  first  significant 
production  from  the  Magma  deposit  started  about  1910.  Earliest  ores  contained  almost  50  percent  copper 
and  nearly  70  ounces  of  silver  per  ton. 

miles  southwest  of  Salt  Lake  City,  Utah.  In  1887  one  E.  A.  Wall  sampled  an  outcrop  and  an 
old  tunnel  at  Bingham.  The  tunnel,  which  exhibited  copper  sulfides,  averaged  2.4  percent 
copper.  The  Highland  Boy  Mine,  situated  just  west  of  the  intrusive  mass,  made  its  first 
shipment  of  high-grade  copper  ore  (which  occurred  in  limestone)  in  1896.  By  that  time, 
Wall  had  control  of  200  acres  (10  lode  claims)  of  ground  within  the  intrusive  mass  and  had 
driven  more  than  3,000  feet  of  mine  workings. 

The  property  was  sampled  by  D.  C.  Jackling  in  1898,  and  he  estimated  “proven”  ore  at 
12,385,000  tons  averaging  two  percent  copper,  with  25,000,000  tons  of  “probable”  ore. 
The  sampling  was  checked  by  a  pilot  mill.  Recovery  was  72  percent  and  the  grade  was  raised 
to  22  percent  copper  in  concentrates.  This  was  well  above  the  usual  grade  of  high-grade 
copper  deposits  developed  in  the  late  1800’s.  Raising  the  grade  of  ore  by  beneficiation 
required  an  investment,  however,  in  the  form  of  an  expensive  mill.  No  profit  could  be  made 
on  low-grade  copper  ores  without  mass  production  to  lower  unit  costs.  Even  six  percent 
copper  ore  was  not  economically  valuable  at  the  small  scale  of  production  at  the  Old 
Dominion  mine  in  1903. 

Utah  Copper  owes  its  being  to  the  faith  that  Daniel  Jackling  had  in  it.  After  several  deals 
fell  through,  Jackling  at  last  secured  an  option  from  Wall  and  went  for  financial  backing  to 
the  Penrose  Brothers,  then  very  active  and  successful  in  western  mining.  After  more  testing 
of  the  deposit,  the  Utah  Copper  Company  was  organized  in  1903.  Only  $250,000  in  cash 
was  available  at  the  start.  Several  million  dollars  still  had  to  be  found.  The  Guggenheim 
Exploration  Company  and  Hayden,  Stone  and  Company  underwrote  several  bond  and  stock 
issues,  mainly  to  build  the  Magma  mill  at  Garfield,  Utah.  Capitalization  was  then  $7.5 
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million.  After  a  further  increase  in  capitalization,  production  from  the  open  pit  started  in 
1907. 96  The  success  at  Bingham  set  off  a  chain  reaction  and  a  decided  geographic  shift  in 
the  centers  of  copper  supply,  mainly  to  the  Southwest,  in  Arizona  and  New  Mexico. 

The  first  successor  to  Utah  Copper  was  at  Ely,  in  Eastern  Nevada.  Jackling  was  involved 
there  also,  with  the  Nevada  Consolidated  Copper  Company  organized  in  1 904,  controlled  by 
the  Utah  Copper  Company.  First  production  from  the  porphyry  copper  deposit  at  Ruth, 
near  Ely,  was  recorded  in  1908.97  In  1911  the  underground  block-caving  of  disseminated 
copper  ore  began  at  Ray,  70  miles  southeast  of  Phoenix,  Arizona.  In  the  same  year, 
underground  mining  by  block-caving  of  the  Miami  Copper  Company  deposit  began  at 
Miami,  Arizona,  16  miles  northeast  of  Ray.  Until  the  late  1920’s,  the  grade  of  ore  averaged 
about  two  percent  copper,  higher  than  most  of  the  other  porphyry  copper  ore  deposits.98 
In  1911  production  started  also  at  Santa  Rita  in  Southwestern  New  Mexico  where  the 
small-scale  mining  of  oxidized  copper  ores  and  native  copper  had  been  going  on  sporadically 
for  over  100  years.  9  9  The  Inspiration  Consolidated  Copper  Company  was  incorporated  in 
the  same  year,  after  several  sporadic  and  mostly  unsuccessful  attempts  at  mining  the  copper 
ore  on  the  property  it  had  inherited  in  the  Globe-Miami  district  of  Arizona. 

The  next  porphyry  copper  deposit  to  come  into  production  was  the  New  Cornelia  at  Ajo, 
Arizona,  1 20  miles  west  of  Tucson.  There  is  evidence  that  the  Ajo  deposits  were  known  and 
worked  during  the  1 6th  Century  and  perhaps  earlier  by  the  indigenous  inhabitants  of  the 
area.  Spanish  miners  may  have  worked  some  of  the  high-grade  copper  veins  as  early  as  1750. 
From  1 854  to  1 859,  Americans  mined  high-grade  copper  ore  at  Ajo  and  hauled  it  by  wagon 
to  Yuma  from  which  point  it  was  taken  for  smelting  to  Swansea,  Wales,  in  sailing  ships. 
From  1860  to  1911,  similar  high-grade  mining  attempts  failed  for  a  variety  of  reasons, 
including  the  transportation  problem  and  an  apparent  excess  of  less  than  honest  stock 
promotes.  In  1911  the  property  was  acquired  by  the  Calumet  and  Arizona  Company  of 
Bisbee,  and  drilling  in  the  next  two  years  delimited  what  was  then  considered  to  be  the  ore 
body.  Oxidized  copper  minerals  overlay  the  sulfides,  and  it  took  three  more  years  to 
develop  a  method  of  successfully  extracting  copper  from  the  oxides.  Mining  of  the  oxide 
minerals  by  open  pit  began  in  1917.  By  1930  the  oxide  ore  was  mined  out,  but  a 
concentrator  for  treating  sulfides  had  been  built  in  1924.  After  1930,  sulfide  ore  only  was 
produced.1 00 

At  Morenci,  Arizona,  there  was  mining  and  concentrating  of  ore  containing  from  three  to 
four  percent  copper  from  1904  to  1932.  Although  its  existence  in  the  Morenci  district  was 
known,  the  coming  into  production  of  the  great  Clay  ore  body,  containing  nearly  half  a 
billion  tons  of  ore  averaging  0.8  percent  copper,  was  delayed  by  the  Great  Depression. 
World  War  II  changed  conditions,  however,  and  it  did  come  into  production  in  1942  at  a 
cost  in  capital  investment  of  $76  million. 1  0 1 

Although  the  San  Manuel  porphyry  copper  deposit,  45  miles  northeast  of  Tucson, 
Arizona,  did  not  come  into  production  until  1956,  an  initial  ore  body  had  been  largely 
delimited  by  1947.  The  copper-bearing  porphyry  cropped  out  only  in  a  very  small  area,  the 
rest  of  the  upper  surface  of  the  deposit  being  covered  by  rocks  later  than  the  mineralization. 
The  Magma  Copper  Company,  in  fact,  turned  down  a  chance  to  acquire  the  property  in 
1941.  During  World  War  II,  however,  the  U.S.  Geological  Survey  and  U.S.  Bureau  of  Mines 
were  directed  to  add  copper  to  the  list  of  strategic  minerals  urgently  needed  for  the  war.  By 
1945  drilling  by  the  Bureau  of  Mines  had  delimited  a  deposit  of  30  million  tons  averaging 
0.8  percent  copper.  Half  of  this  tonnage  was  oxidized,  mainly  in  the  form  of  copper 
silicates.  Magma  came  back  into  the  picture  and  started  drilling  on  their  own  in  1944. 
Results  caused  them  to  exercise  a  previously  acquired  option  in  1945.  1  he  initial  drilling 
was  completed  in  1948  after  having  cost  $2.5  million.1  02 

While  the  development  of  copper  resources  in  the  West  lagged  behind  that  of  the  precious 
metals,  that  of  zinc  lagged  decidely  behind  that  of  copper.  This  was  for  several  reasons,  both 
economic  and  physical.  In  the  first  place,  uses  for  zinc  were  limited  in  the  early  days,  with 
galvanized  iron,  one  of  the  major  uses  of  zinc,  only  gradually  coming  into  acceptance. 
Another  reason  was  metallurgical.  Zinc  is  a  pesky  metal  when  associated  in  a  mineral  deposit 


with  other  metals  such  as  lead,  and  it  offers  *o  much  trouble  in  smelting  that  lead  ores  or 
concentrates  are  penalized  if  they  contain  more  than  a  small  amount  of  zinc.  Nearly  all  of 
the  western  lead-silver  deposits  known  in  the  1 800’s  contained  zinc  as  an  impurity.  Even 
today,  there  are  few  deposits  in  the  West  valuable  for  zinc  alone.  One  of  these,  however,  is 
the  deposit  at  Hanover,  in  Southwestern  New  Mexico,  where  zinc  ores  occur  in  limestone 
adjacent  to  a  granitic  intrusive.  The  New  Jersey  Zinc  Company  started  mining  this  deposit  in 
1902.  The  ore  averaged  13  percent  zinc  and  was  particularly  valuable  because  it  contained 
practically  no  lead.  The  zinc  occurred  with  magnetite,  which  was  separated  initially  by  a 
magnetic  concentrator  although  froth  flotation  was  later  used.1 03 

Magdalena,  1 00  miles  north  of  Hanover,  was  another  early  camp  supplying  mainly  zinc, 
although  lead  and  precious  metals  occurred  there  as  well.  The  Magdalena  ore  bodies,  like 
those  of  Hanover,  were  found  in  limestone.  Production  of  zinc  at  Magdalena  began  in 
1903.1 04 

In  Utah,  zinc  deposits  were  developed  first  in  1904,  in  the  San  Francisco  and  other 
districts  of  Beaver  County,  in  the  southwestern  part  of  the  state.105  In  the  following  year, 
deposits  at  Park  City,  Utah,  began  to  yield  zinc,  and  these  were  followed  by  Goodsprings, 
Nevada,  in  1906.106  Production  of  zinc  at  Bingham  began  in  1909,07and  at  Tintic  in 
1912. 108 

Prior  to  World  War  I,  there  was  little  demand  for  molybdenum  and  domestic  resources 
consisted  only  of  small,  scattered  deposits.  The  First  World  War  stimulated  demand  for 
molybdenum,  however,  as  an  alloying  agent  to  make  harder,  stronger  steel.  By  1915, 
production  had  expanded  to  the  largest  amount  by  then  recorded  -  3,498  tons  of  ore 
containing  1 81 ,769  pounds  of  molybdenum.  Arizona  furnished  most  of  this  from  wulfenite 
ore  at  the  Duquesne  mine  near  Patagonia  in  the  southern  part  of  the  state  and  the  Leviathan 
mine  near  Wikieup  in  the  north.  A  considerable  quantity  of  ore  was  also  obtained  from  the 
Climax  molybdenum  deposit  in  Colorado  and  some  additional  production  came  from  mines 
in  Nevada  and  Montana.1 09  By  1918  domestic  molybdenum  production  reached  a  new  high 
of  nearly  900,000  pounds.  Deposits  at  Climax,  Colorado,  and  Questa,  New  Mexico, 
accounted  for  a  large  portion  of  this  production. 

Following  World  War  I,  demand  for  molybdenum  fell  rapidly,  and  in  1920  the  only 
recorded  production  was  less  than  2,000  tons  of  ore.  In  1923  demand  for  molybdenum 
started  up  again,  however,  and  the  new  production  came  largely  from  ores  at  Questa.  In 
1924  Climax  resumed  production  and,  with  Questa,  produced  nearly  300,000  pounds  of 
molybdenum.  From  1924  on,  the  Climax  deposit  has  maintained  Colorado’s  position  as  the 
nation’s  leading  source  of  molybdenum  except  for  brief  periods  in  the  late  1940’s  and  early 
1950’s  when  by-product  production  of  molybdenum  from  the  Bingham  Canyon,  Utah, 
copper  mine  exceeded  C  limax  s  production.  By-product  molybdenum  found  in  disseminated 
copper  deposits  in  the  Western  United  States  accounted  for  most  of  the  remaining  domestic 
molybdenum  supply  prior  to  1947. 

Since  the  middle  ot  the  last  century,  California  has  been  the  main  source  of  mercury  in 
the  United  States.  The  New  Almaden  mine  south  of  San  Francisco  started  production  in 
1850.  The  new  Idria  mine,  in  the  same  general  area,  started  in  1858.  Most  past  and  present 
producing  deposits  had  been  found  by  1875.  Prior  to  1898,  California  provided  all  of  the 
nation  s  domestic  mercury  supply.  After  that  time  commercial  deposits  were  discovered  in 
other  western  states,  mainly  Nevada,  Oregon,  and  later,  Idaho. 

The  development  of  the  iron  resources  of  the  West  had  to  wait  for  the  growth  of  regional 
markets  and  adequate  transportation.  In  1 893  a  trial  shipment  of  iron  ore  from  the  Buena 
Vista  Hills  district  southeast  of  Lovelock,  Nevada,  was  made  to  the  Union  Iron  Works  at  San 
Francisco,  but  no  continuous  commercial  production  resulted  at  that  time.  In  1903  the 
Barth  iron  ore  deposit,  30  miles  wouthwest  of  Elko,  Nevada,  was  leased  to  the  American 
smelting  and  Refining  Company  to  provide  flux  for  their  Murray,  Utah,  lead  smelter.  This 
source  of  supply  was  used  until  1918.  In  1943,  the  Buena  Vista  Hills  district  again  became  a 
source  of  iron  ore.  Production  continued  during  World  War  II,  but  most  of  the  ore  was  used 
in  heavy  concrete  aggregate  for  ship  ballast  and  not  as  a  source  of  metallic  iron.110 
Production  slumped  sharply  after  the  War,  but  resumed  in  1951. 
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Iron  ore  production  started  in  the  Hartville  district  of  Wyoming  in  1902.  There,  80  miles 
north  of  Cheyenne,  the  deposits  resemble  the  Lake  Superior  iron  ore  deposits.  The  area 
seems  to  have  been  a  fairly  continuous  source  of  supply  ever  since  the  early  1900’s.  By 
I960,  the  deposits  had  yielded  30  million  tons  of  ore.111  In  California,  no  iron  ore  was 
produced  to  speak  of  until  1942,  when  the  Kaiser  Steel  Company  opened  the  Vulcan  iron 
mine  in  San  Bernardino  County  to  supply  their  steel  plant  at  Fontana. 

In  Utah,  the  mining  of  iron  ore  deposits  commenced  in  1852  but  remained  sporadic  until 
the  early  1920’s,  when  the  availability  of  local  coking  coal  and  the  promise  of  western 
markets  brought  about  the  establishment  of  a  steel  works  by  the  Columbia-Geneva  Division 
of  the  United  States  Steel  Corporation,  at  Provo,  30  miles  south  of  Salt  Lake  City. 
Practically  all  of  the  iron  ore  for  the  Provo  mill  came  from  Iron  Springs  district  in  far 
Southwestern  Utah.  Utah  has  continued  to  be  a  major  source  of  iron  ore  production  in  the 
West,  and  the  Iron  Springs  district  is  still  virtually  the  sole  source  of  ore  in  that  state. 1 1 2 

The  development  of  industrial  minerals  resources  in  the  West  closely  paralleled,  in  most 
cases,  the  development  of  copper  and  iron  resources.  The  major  exception  was  limestone, 
deposits  of  which  had  been  worked  even  before  1872. 

The  western  phosphate  field,  where  phosphates  occur  in  Paleozoic  sediments,  extends 
from  the  latitude  of  Salt  Lake  City  northward  350  miles  to  Helena,  Montana.  The  width  of 
the  field  is  about  100  miles  (see  Figure  22).1 13  It  includes  parts  of  Utah,  Wyoming,  Idaho, 
and  Montana.  Production  of  phosphates  in  the  West  began  in  1906  in  Southeastern  Idaho. 
In  1907  limited  production  started  in  Utah  and  Wyoming.  Production  did  not  start  in 
Western  Montana  until  1923.  In  the  East,  however,  the  utilization  of  the  so-called 
land-pebble  deposits  had  begun  in  Florida  in  1888,  and  production  from  deposits  in 
Tennessee  began  in  1 894. 1 14  Domestic  phosphate  production  in  1946  included  five  million 
tons  from  Florida,  1.4  million  tons  from  Tennessee,  1.2  million  tons  from  Montana,  and 
about  300  thousand  tons  from  Idaho.115 

Minor  amounts  of  asbestos  were  produced  in  Vermont  and  California  for  many  years 
prior  to  1947.  Arizona  appears  to  have  been  the  first  western  state  to  provide  asbestos  on  a 
commercial  scale.  Between  1914  and  1946,  21 ,000  tons  were  produced  from  the  Chrysotile 
district,  in  the  Salt  River  Canyon  35  miles  northeast  of  Globe,  Arizona. 

The  development  of  potash  resources  in  the  United  States  did  not  come  until  after  World 
War  l  during  which  normal  supplies  from  European  sources  were  curtailed.  In  1925,  drillers 
looking  for  oil  in  the  Permian  Basin  area  east  of  Carlsbad,  New  Mexico,  cut  through  saline 
deposits  containing  potassium  salts  at  a  depth  ot  approximately  1,000  feet.  Late  in  the 
1920’s  and  in  the  early  1930’s  several  firms  began  development  of  the  deposits  in  the 
Carlsbad  area.  By  1947  three  firms  were  operating  in  the  district.  Previous  to  the 
development  of  the  Carlsbad  deposits,  the  nation’s  only  mineral  potash  came  from  brine 
deposits  at  Searles  Lake  in  California.  Potassium  salts  had  been  produced  there  as  early  as 
1916. 
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Fig.  31  -  Underground  mining  of  asbestos  in  the  Qhrysotiie  district  of  Centra/  Arizona  Utilization  of 

dr°?£Jiklmany  0thers  h  West'did  not come  unZ TdiSS^% 

supplies  o  f  irtulVa!  min*  /  5  ft”?  m  [ecent  y&ars'  ^wever,  these  resources  serve  only  as  sporadic 

supplies  of  industrial  minerals,  and  their  value  and  use  are  heavily  dependent  upon  regional  and  local 

economic  conditions.  (Photo  courtesy  U.S.  Bureau  of  Mines) 
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C.  CHANGES  IN  MINERAL  RESOURCES  SINCE  1 947 

1.  Changes  in  Metallic  Mineral  Deposits 

i 

Exploration  efforts  since  1 947  by  the  mining  industry  have  resulted  in  the  discovery  of 
many  new  mineral  deposits,  increasing  the  nation’s  reserves  of  most  of  the  major  mineral 
commodities  Geologic  studies  and  concepts,  and  geophysical  tools,  have  been  utilized  more 
than  ever  before  to  make  these  discoveries.  Advances  in  mining,  extraction,  and  refining 
techniques  as  well  as  increasing  levels  of  labor  productivity  have  enabled  existing  mines  to 

deposits  ^roductlon  and  new  mines  to  come  production  from  lower-grade  mineral 

J*tates  gold  mining  industry  as  a  whole  never  recovered  from  Limitation 
Order  L-208,  issued  early  in  World  War  II,  which  forbade  the  mining  of  gold  except  as  a 
by-product  of  base  metal  mining  critical  to  the  war  effort.  In  1945,  when  the  order  was 
htted,  tew  gold  mines  except  the  Homestake  mine  in  South  Dakota  reopened.  In  1962, 
however,  the  Carlin  gold  deposit,  about  20  miles  west  of  Elko,  Nevada,  was  discovered.  The 
gold  there  occurs  in  extremely  small  particles,  invisible  to  the  naked  eye,  in  ordinary-looking 
sedimentary  rocks.  The  deposit  in  no  way  resembles  other  gold  deposits  previously  known 
to  prospectors  or  geologists.  By  1965,  1  1  million  tons  of  gold-bearing  rock,  with  a  gross 
metal  content  averaging  $11.00  per  ton,  had  been  blocked  out  at  Carlin  by  drilling  and 
trenching.  The  deposit  is  being  mined  by  relatively  cheap  open  pit  methods,  and  todav  is 

the  second  largest  producer  of  gold  in  the  United  States,  after  Homestake,  the  nation’s 
traditional  gold  producer. 

The  Carlin  discovery  in  the  early  1960’s  prompted  a  search  for  similar  deposits.  The 
Cortez  Joint  Venture,  composed  of  several  United  States  and  Canadian  mining  companies, 
subsequently  found  a  similar  deposit  near  the  old  silver  camp  of  Cortez,  60  miles  southwest 
of  the  Carlin  mine.  By  1967  they  had  delimited  about  three  million  tons  of  ore  at  Cortez, 
also  with  a  gross  value  of  $  1  1 .00  per  ton  and  also  amenable  to  open  pit  mining.1 1  7 

With  the  practical  exhaustion  in  the  early  1  940’s  of  the  Tonopah,  Nevada,  deposits,  the 
last  of  the  major  “straight”  silver  mining  districts  in  the  United  States  ceased  production. 
Since  then,  silver  has  been  produced  increasingly  as  a  by-product  of  base  metal  mining. 
While  the  porphyry  coppers  carry  a  very  low  amount  of  silver  per  ton  of  copper  ore,  the 
production  of  ore  is  on  such  an  immense  scale  (some  mines  yield  as  much  as  20  million  tons 
of  ore  a  year  and  one  yields  35  million)  that  their  contribution  to  silver  production  has 
become  quite  significant.  Nevertheless,  the  “Silver  Belt”  in  the  Coeur  d’Alene  district  in 
Northern  Idaho  is  today  the  greatest  source  of  silver  in  the  United  States. 

Unlike  the  mineral  deposits  of  the  United  States  east  of  the  Rockies,  zinc  minerals 
usually  occur  with  lead  minerals  in  the  West.  Although  a  number  of  important 
silver-lead-zinc  deposits  have  been  discovered  in  Canada  in  recent  years,  no  really  new 
deposits  have  been  found  in  the  Western  United  States  since  long  before  1947.  The  Coeur 
d  Alene  district  in  Northern  Idaho,  which  is  essentially  a  lead-zinc-silver  district,  is  still  the 
major  source  of  lead  and  zinc  reserves  in  the  West  and  will  probably  be  still  producing  in 
1985,  because  the  major  companies  operating  there  have  embarked  on  a  venturesome, 
imaginative  exploration  program,  and  the  veins  apparently  carry  ore  to  great  depths.  At 
Tintic,  Utah,  silver-lead-zinc  mineral  deposits  developed  since  1947  also  give  hope  of  similar 
future  discoveries  in  that  district.1 18 

The  outstanding  development  in  western  iron  mining  since  1947  has  been  the  bringing 
into  production  of  low-grade  taconite  ore  near  Atlantic  City,  10  miles  south  of  Lander, 
Wyoming,  by  the  Columbia-Geneva  Division  of  United  States  Steel.  By  1961,  300  million 
tons  of  ore  averaging  from  22  to  35  percent  iron  had  been  blocked  out.  The  ore  must  be 
concentrated  and  the  concentrates  are  pelletized  for  blast  furnace  use. 

The  first  major  copper  deposit  to  come  into  consideration  after  1947  was  the  Yerington 
porphyry  copper,  50  miles  southeast  of  Reno,  Nevada.  The  deposit  lies  east  of  the  Old 
Yerington  district,  where  copper  minerals  occurred  in  limestone  adjacent  to  an  intrusive 
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Fig.  32  -  Geographic  Distribution  of  Gold  Production  in  the  United  States 
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AharnnH^p1*1*0  roc^-  Production  of  copper  took  place  here  between  1912  and  1930  The 
comm^cedoperTpit  operations  in795?.<'"9P°rPtlyry  deposit  between  <94.  and  194s!  and 

of  T^ona rlArboPn°aSi  <?xidized  c0PPer  ore  in  limestone  at  Silver  Bell,  35  miles  northwest 
started  ^Al^Z’^  n  Z  !"entloned-  Tb«  American  Smelting  and  Refining  Company 
mining  in  1954  mi,,"..!,8  °  ^  porphyry  masses  there  in  1948  and  commenced  open  pit 

Bi  bee  The  earlier  onen  nit  ^"r?6?  P“  mi"ing  °f  porphyry  c°PPer  was  turned  at 
isoee.  the  earlier  open  pit  mining  of  the  Sacramento  Hill  Pit  extended  from  1923  to  1929 

m  gThe117:;,'np'9S,°'tm,d,Ca‘ed  a"  e“”  t0  of  the  ore  body  formerly 

™e  LJJendelr  P,t  started  Production  from  this  extension  in  1954  121 

Since  (becaus^ofUdeenPth'Thyry  7°PPer  duP°Si*  had  been  delimi,ed  by  doling  before  1947. 
to  b?made  lit.  h  rf'^  ,!"mmg  had  to  be  underground,  expensive  preparations  had 

haulage levels  aid  Trg  S'nkm8  ^  dlTferent  ShaftS>'  the  drivin«  Production  and 

started  in  1948  a  ,  ?Pe  preParatlon-  For  this  reason,  although  development  of  the  mine 
of  30  000  tons  Af  i  Production  did  not  start  until  1956,  and  full  production  at  the  rate 
ot  3U,000  tons  of  ore  per  day  was  not  reached  until  mid-1957.122 

Pima^oonei  denositTt'  C’‘,d°ratl"n  by  tlle  United  Geophysical  Company  discovered  tile 

eZeucenf  rZ  }  ,milef  sollth  of  Tucson,  Arizona)  without  any  risible  surface 

Checked  bv  drdhC  •£'"*"  r  ”  pUce’  al,hough  the  ^ophysical  indications  were  later 

Pima  thus  becam^th  JfC  ”11  rfa ce  over  «>e  Pima  deposit  was  entirely  covered  by  alluvium. 

to  be  discovered*  hv^n  7  "^7  non-,lerrous  metallic  mineral  deposit  in  the  United  States 

952  and  Tost  ^7ynPnn7y  ge°phyS1Cil  ,netlu,ds-  Minin«  a<  ,>ima  ^gan  underground,  and  in 

Pima  or,  hr’  67’00°  ,?ns  0f  S,X  percent  °°PPer  ore  were  silipped  from  the  property.  The 

moralized  a°rea  °T'M\  T*  W  a  surrounded  bv  low-grade 

mineralized  area  only  mmable  by  open  pit.  Further  exploratory  drilling  delimited  this  ore 

and  open  pit  production  started  at  the  beginning  ofl  957.]  23 

nf  nlhe  Pf,ma  d!SCOVery  stimu,ated  exploration  in  the  same  area  and  resulted  in  the  finding 

by  d r il H n gS bene ath 1  ttf  hu"dredj  of  mill,ons  ot  tons  of  porphyry  copper  ore,  all  discovered 
of  the  disWct  7  ,  Vh  y  alluv'um-  ln  1959  the  EsPeranza  deposit,  in  the  southern  part 

wafnlfced  m  n  brougbt  into 'production.  The  Mission  deposit,  north  of  the  Pima  deposit, 
TwLro  ,n  Production  by  American  Smelting  and  Refining  Company  in  1961.124  The 
I  win  Buttes  deposit  of  Banner  and  Anaconda,  in  the  southern  part  of  the  district  is 
scheduled  lor  production  by  late  1969.125  ’ 

devtdonerl  hnf i^h  Z"  de,p°si,s  at  scattered  locations  throughout  the  Southwest  were 
developed  both  before  and  during  the  activity  in  the  Pima-Twin  Buttes  district  In  1954  the 

Ari7?,L  °PPer  ComPa"y  began  production  from  its  Copper  Cities  deposit  east  of  Miami, 

r  a  ppf  Pr°Perty  waa  developed  specifically  to  replace  the  exhausted 

Conner  H  ,SP  $Z  *°  ,he  wssE  Although  both  the  Caslle  Dome  and  Miami 

copper  deposits  are  no  longer  considered  minable  ore  deposits  in  the  traditional  sense,  they 

continue  to  provide  copper  lor  leaching  operations.  At  Castle  Dome,  rock  that  was 

p  \uously  removed  as  waste  presently  serves  as  a  source  of  copper  while  at  Miami  itself 

mem  nr"to  e,red,o°s°o  OW  '"“pper  content  to  be  minable  by  the  underground  methods  used 

mnresen ts  I  M  “  ,pr?Vlding  coPPer  lor  leacb"'g  operations  and  in  effect  still 
represents  a  valuable  mineral  deposit.  In  1963,  the  Miami  deposit  was  the  24th  largest 

source  ol  mined  copper  in  the  United  States  despite  the  fact  that  at  the  time  it  had  been 
closed  down  as  a  traditional  mining  operation  for  four  years. 

o  .f*r  rrom  the  G|obe-Miami  district,  the  Christmas  deposit  of  the  Inspiration 

consolidated  Copper  C  ompany  was  developed  in  the  mid-1 960’s.  At  first  the  relatively  high- 
grade  vein  and  replacement  deposits  were  considered  to  be  the  important  source  of  ore  at 
instmas.  Subsequent  difficulties  in  underground  operations  and  resulting  high  costs 

fCaUff d  producer  to  turn  to  a  relatively  low-grade  area  of  copper  mineralization 

jacent  to  the  higher-grade  deposit.  Subsequent  production  has  been  from  the  low-grade 
area  and  not  from  the  high-grade  portion  of  the  deposit. 

Also  in  the  mid-l960’s,  a  major  porphyry  copper  deposit  was  developed  at  Mineral  Park 
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Fig  37-  Geographic  Distribution  of  Copper  Production  in  the  United  States. 
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Peak  deD^t^pv^0^^  Ar!fona’  in  an  area  more  noted  for  gold  than  copper.  The  Ithaca 

of  molybdenum  sulfide.12^  the^^O^tF™1'0"  a'S°  contajned  significant  amounts 
copper  deposit  near  Rattip  m  •  XT  ^  S’  same  company  developed  another  major 

hi^adeCper  depo^  ta  an  arca  '°"g  know"  *°  bg  «*  *e  of  small, 

WestNlldaeed0onh:„SrnCant  C°Pper  deposits  optned  in  the  period  ™ce  1947  were  in  the 
ve™  area  that  ^.w  L  T"  lmportantnew.  properties  is  located  in  Upper  Michigan,  in  the 
mid-1954  the  White  Pi  eglnning  of  s|gnificant  copper  mining  in  the  United  States  In 

— « — - 

after  the  closet'd  wlt  lt'w  CPiiSlt  tha,1  W3S  brought  lnto  utilization  east  of  the  Mississippi 
Inc  SI  North  Ca^ma  on  !u  T  l  *  Kn°b  deposit  0wned  b*  Appalach.an  Sulfides, 
which  had  been  the  Vermont* r  EdSte^  edge  of  the  Appalachians.  Appalachian  Sulfides, 

deposit  into  production™  "  tv  7947  ThTtf’  ^  ‘°  l954’  brought  the  °re  K"ob 

haltedTn  Ute7962  "  Verm°nt’  Pr°duC,ion  from  the  °re  ^nob  deposit  itself  was 

Nickel  w7:T,:in0table  production,01'  nickel  in  the  United  States  before  the  Hanna 
of  its  plant  at  Riddle  Brecon *7 the.  Hanna  Mlning  Company,  started  production 
laterite  deposit  has  increased  substantfalfy"06  "me’  produc,ion  of  ^no-nickei  from  this 

warI°imuh°^edemaIi7rU|CtiOnh0Hbe7lliUm  WaS  negligible  until  l941-  when  Hie  oncoming 
s  imulated  demand  through  (he  discovery  of  war-time  uses  for  beryllium  metal  Sources 

DakoH  "n  C  I'1  PCgmatite  dlkes  in  Maine,  New  Hampshire,  CoTomdT  and  South 

United  S?aCtesS  77  d,SuCovered  in  New  Mexico  until  1944.  Between  1941  and  1962 
United  States  production  of  beryl  (plus  the  output  of  a  low-grade  ore  ruined  in  Colorado 

aTonTt'ime  a'sTow^  thre^percent''"  be0,|)  ' 3  PerCent  of  imports’  a"d 

p  rPc°en  S  ab°U* °'5  per“nt  oxide  (in  con«mS«ToT  1 1 

percent  tound  in  beryl)  were  discovered  in  Western  Utah. 

One  of  these  deposits  is  now  in  production. 


7  87,eral’  the  0,d  centers  of  mercury  production,  in  California  and  Nevada  have 

newd'ore  ,'7’ S"'CC  '.916’  alth°“gh  soveral  e'Hirely  new  deposits  have  been  found,  and 
new  ore  bodies  discovered  m  established  areas.  Stimulalcd  by  the  present  high  price  of 

mercury,  however,  attention  is  turning  to  the  possibility  of  mining  large,  low-grade  deposits 

amenable  to  open  pit  mining.  In  1966,  73  percent  of  the  nation’s  mercury  produebon  came 

states  hicliuJing  Alaska.'8"  five  p"  from  ldah(>  and  «»  res,  from  other 

Uranium  had  little  use  other  than  as  a  source  of  radium  for  scientific  and  medical 
purposes,  and  as  a  pigment  in  glass  and  ceramics,  prior  to  World  War  II  Foreign  uranium 
deposits  were  richer  and  provided  a  cheaper  source  of  radium.  Domestic  umntum  om 
production  was  small  and  sporadic.  Nearly  all  of  (lie  nation’s  production  came  from  the 

South  westerner  7°  areas  on  ,lle  Colorado  Plateau  in  Southeastern  Utah  aid 

world’T  fimt  re7  ?e7°'l7Ve  °Pment  °  ‘he  a‘°mic  bon,b  durin«  Wor|d  War  II  created  the 
the  h  ,  0  I  ?r  arge  amo,lnlso1  uranium.  Early  production  was  concentrated 

in  the  Uravan  area.  In  the  early  I950’s  new  and  larger  deposits  were  discovered  in 

the  AWeh,ern  Mexit°’  and  ,he  ma*or  portion  of  uranium  production  began  to  shift  to 
tilt  Ambrosia  Lake  area  near  Grants.  Further  exploration  also  resulted  in  the  discovery  of 

these' state? so  1^7°"'  Nh°r,beaf m  Arizona,  and  in  Wyoming,  but  production  from 
these  states  so  tar  has  been  subordinate  to  that  irom  New  Mexico.  In  1965  New  Mexico 


91 


PERCENT  OF  TOTAL 
U.S.  PRODUCTION 


92 


PERCENT  OF  TOTAL 
U.S.  PRODUCTION 


93 


contributed  46  percent  and  Wyoming  24  percent  of  total  domestic  uranium  production,  and 
Colorado,  Utah,  Arizona,  and  Washington  were  the  next  largest  producing  states.  In  1967, 
New  Mexico  contributed  54  percent,  Wyoming  21  percent,  Colorado  13  percen  ,  and  Utah 
six  percent  of  total  production. 


2.  Changes  in  Industrial  Minerals  Deposits 

Known  western  deposits  of  industrial  minerals  have  also  increased  since  1947,  although 
many  such  resources  still  remain  undiscovered  or  unevaluated.  The  nation’s  borate  reserves 
remain  at  present  incompletely  determined  and  developed.  Since  1947,  operations  have 
expanded  and  new  mines  have  opened  up  (e.g.,  the  Jenifer  mine  of  Pacific  Coast  Borax 
Company,  started  in  1951)  to  satisfy  rising  demand.128  New  discoveries  have  increased 
gypsum  reserves  since  1947  in  Arizona  and  other  western  states.  These  new  deposits  will 
increase  in  economic  importance  as  urban  growth  continues  to  rise  in  the  Western  United 
States. 

Limestone  reserves  have  increased  for  the  most  part  through  expanded  exploration, 
resulting  in  the  discovery  and  development  of  many  new  deposits  as  well  as  additional 
evaluation  of  known  deposits.  Most  of  the  larger  limestone  deposits  developed  in  the  West 
since  1947  have  been  used  as  a  source  of  cement  rock,  but  some  have  also  been  developed  as 
sources  of  chemical  and  agricultural  lime.  Many  small  deposits  of  high  purity  and 
appropriate  texture  have  also  been  utilized  for  roofing  and  other  minor  construction 
applications.  Phosphate  reserves  in  the  West  have  increased  since  1947  through  the 
development  of  known  deposits,  new  discoveries,  and  a  lowering  of  the  grade  considered 
profitable  for  mining.  In  1950  the  Paley  Report  estimated  the  nation’s  minable  reserves  of 
about  four  billion  long  tons  of  which  1 .5  billion  were  in  the  Western  States  and  the  balance 
in  Tennessee  and  Florida.  Potential  reserves  totaled  at  least  eight  billion  tons  6  5  billion 

tons  of  which  were  in  the  Western  States.  By  1967  marketable  reserves129  had  increased  to 
14.5  billion  long  tons. 

These  reserve  Figures  are  based  upon  theoretical  considerations  of  indicated  grade  and 
tonnage  that  might  be  mined,  given  the  proper  conditions.  Useful  reserves  are  much  smaller 
than  the  above  figures  would  indicate.  Apart  from  the  grade  and  tonnage  in  a  given  deposit 
other  (and  equally  critical  or  more  so)  factors  are:  waste  to  ore  mining  ratios 
transportation  (mine  to  plant  and  plant  to  consumer)  costs,  mining  and  processing  costs 
(including  the  amount  of  cost  required  to  remove  impurities,  which  vary  from  deposit  to 
deposit  in  amount  and  difficulty  of  extraction),  royalty  costs,  and  costs  due  to  federal  and 
state  mining  regulations  and  taxation  policies.  The  grade  and  tonnage  requisites  for  a 
valuable  mineral  deposit  are  widely  divergent,  therefore,  for  different  localities,  states,  and 
for  privately-owned  as  opposed  to  federally-  or  state-owned  land. 

Sodium  mineral  reserves  have  been  increased  since  1947  by  continued  development  of 
the  bnne  and  play  a  lake  deposits  in  California,  as  well  as  the  discovery  and  development  of 
the  sodium  carbonate  deposits  in  the  Green  River  formation  of  Wyoming,  Colorado,  and 
Utah.  Known  reserves  of  sodium  carbonate  and  sodium  sulfate  are  in  excess  of  354  and  261 
million  tons,  respectively.  Deposits  of  other  sodium  minerals  associated  with  the  oil  shales  in 
the  Green  River  formation  represent  additional  possible  reserves,  the  quantity  and  quality 
of  which  are  as  yet  completely  unknown. 

Largely  through  the  discovery  of  the  California  deposits,  domestic  reserves  of  asbestos 
have  increased  from  1.55  million  tons  in  1952  to  5  million  tons  or  more  in  1967.  In  1947 
most  known  domestic  asbestos  deposits  were  in  Vermont  and  Arizona.  Sporadic  production 
from  those  districts  has  continued,  but  the  great  shift  in  production  centers  was  to 
California  in  1962.  In  1965  California  produced  nearly  75,000  tons  of  asbestos  while 
Arizona  produced  less  than  4,000  tons.130 

Since  the  end  of  World  War  II,  the  number  of  potash  deposits  developed  has  increased. 
Starting  in  1951  and  extending  through  1964,  four  more  producers  began  to  utilize  the 
irregular  deposits  ol  potassium  salts  in  the  Carlsbad  district.  Over  the  same  period, 
production  from  the  Searles  Lake  deposit  was  expanded  and  other  concentrations  at 
Wendover  and  Moab,  Utah,  were  developed  and  brought  into  production. 
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Fig.  41  -  Phosphate  deposits  in  the  Western  Phosphate  Field  which  covers  parts  of  Utah,  Idaho, 
Wyoming,  and  Montana.  Although  far  less  important  to  the  nation  as  a  whole  than  the  Florida  phosphate 
deposits,  these  western  resources  have  maintained  a  consistent  regional  importance  since  1947. 


3.  Changes  in  the  Grade  of  Mineral  Deposits 

In  the  approximately  two  decades  that  have  elapsed  since  the  end  of  World  War  II,  the 
average  grades  of  mineral  deposits  mined  in  the  United  States  have  reflected  changing 
technical  and  economic  conditions.  In  some  instances  the  grade  of  minable  deposits  has 
increased;  in  others  it  has  declined.  The  average  grade  necessary  for  the  commercial 
utilization  of  placer  gold  deposits  has  risen  from  five  thousandths  of  an  ounce  per  cubic 
yard  in  1947  to  more  than  eight  thousandths  of  an  ounce  per  cubic  yard  in  1967.  The 
average  economic  grade  of  gold  ore  in  place  has  also  increased  as  the  price  of  the  yellow 
metal  has  remained  constant  in  the  face  of  rising  mining  costs.  From  22  hundredths  of  an 
ounce  per  ton  in  1947,  the  average  grade  of  non-placer  gold  ore  mined  in  the  United  States 
rose  to  35  hundredths  of  an  ounce  in  1967.  The  average  has  remained  relatively  unchanged, 
with  only  slight  variation  since  1960,  although  it  reached  as  high  as  35  hundredths  of  an 
ounce  as  early  as  1953.  From  1953  to  1960  the  average  grade  of  gold  ore  mined  in  the 
country  changed  little.  After  1961,  there  was  a  drop  to  about  33  hundredths  and 
subsequently  as  low  as  30  hundredths  in  the  period  1963-1966.  In  1967,  however,  there  was 
a  return  to  the  35  hundredths  of  an  ounce  per  ton  figure  held  during  the  1950’s. 

The  average  grade  of  the  nation’s  silver  ore  deposits  has  declined  from  the  nearly  20 
ounces  per  ton  level  existing  in  the  late  1 940’s.  Although  there  was  an  increase  in  average 
grade  in  the  early  1950’s  to  more  than  22  ounces  per  ton  and  a  return  to  this  level  again  in 
the  early  1960’s,  since  1961  the  declining  grade  of  silver  ores  has  been  relatively  steady,  to 
less  than  14  ounces  per  ton  in  both  1966  and  1967.  The  variation  in  the  average  metal 
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content  of  commercially  minable  silver  deposits  in  the  United  States  since  1947,  however 

as  een  highly  erratic.  Although  at  the  present  time  average  grade  appears  to  be  follov/ing  a 

downward  trend,  it  could  again  reverse  itself,  as  it  has  done  many  times  over  the  past  20 
y  vdi  n. 

The  average  quicksilver  content  of  mercury  ore  mined  in  the  United  States  has  also 
followed  an  erratic  pattern  over  the  past  two  decades.  From  an  average  of  more  than  12 
pounds  per  ton  in  1947,  the  normal  grade  of  mercury  deposits  declined  to  a  low  of  about 
six  pounds  per  ton  in  1951  and  1 955.  After  1 955  there  was  a  rise  to  a  high  of  more  than  14 
pounds  per  ton  in  1 962.  Since  1 962,  however,  there  has  been  a  sharp  decrease  in  the  average 
grade  of  mercury  ores  mined  domestically,  reaching  a  low  of  four  pounds  per  ton  in  1 967.  8 

.  ♦ n"8  t  le  ^aSC  met,a,s’  coPPer  ore  has  persistently  followed  a  steady  downward  trend 

in  metallic  content  as  larger  and  lower  grade  copper  deposits  have  been  brought  into 

Fn’theUniteH^T  3  I  ° ,  °'9,  Per“nt  COpper  in  1 947  ■  ,hc  avera8e  «rade  of  copper  mined 
in  the  United  States  has  declined  to  a  low  of  0.6  percent  in  1967. 

The  average  grade  of  iron  ore  deposits  mined  in  the  United  States  has  also  followed  a 

,ne|Q47  7nWa7  '?  S"'Ce  the  Cnd  of  World  War  11  Ffom  an  average  of  41  percent  iron 
1  ,h  '  ,ogrii  °  .,r°n  ?rc  deposits  mincd  in  ‘he  country  has  declined  rather  steadily  to 
less  than  30  percent  m  the  1960s.  By  1967,  the  average  grade  of  iron  ore  deposits 
commercially  useable  in  the  United  States  had  reached  a  low  of  27  percent  The  drop  in 

grade  after  the  mtd-1950  s  was  generally  the  result  of  the  increased  utilization  of  taconite 
deposits  in  Northern  Minnesota. 

avpra®.d  a"d  “u  Cres  l,ave  fol,owcd  °PPosite  patterns  in  average  grade  since  1947  The 
average  recoverable  content  ol  lead  ores  mined  in  the  United  States  fell  from  a  level  of 

bout  2.7  percent  in  I  >47  to  a  low  ol  1 .6  percent  in  1 957.  From  that  time  on,  however  the 

toeaT  hraret,  Cad  dCpOS"s  mined  ln  llle  Uni‘ed  States  has  increased  rather  substantially 

the  Hi™  I6"  PCrCe",t  m  l967'  Undoubtedly  part  of  the  reason  for  this  change  has  been 
discovery  of  previously  unknown  lugher-grade  deposits  in  the  new  Viburnum  district  of 
Southern  Missouri.  Rising  silver  prices  have  also  apparently  increased  the  mining  of 
lead-silver  ores  in  some  deposits  in  the  West  that  were  hard  to  mine  but  which  contained 
greater  amounts  ol  lead  than  the  more  readily  used  straight  lead  ores. 

The  average  grade  of  zinc  ores  mined  in  the  United  States  increased  and  then  dropped 
ofl  between  I  >47  and  1967.  From  a  level  of  about  five  percent  zinc  in  1947  the  average 

Mrcentfin,Tq?r%TCd  0'°  I™'*0"  cUmbed  d"ring  ,he  l950’s  ‘°  a  high  of  almost  14 
P"nl,  l95|  Subsequently,  however,  the  average  grade  of  zinc  ores  mined  in  the 

coun  ry  dropped  sharply  to  about  five  percent  in  1 956  and  then  declined  rather  steadily  to 

n  thFaUnUeUd  Smlel'  th7V*h?u‘ nos(  °r  ‘"e  '960’s.  In  1967,  the  average  zinc  ore  mined 
in  tne  United  States  contained  3.8  percent  recoverable  zinc. 

in  „°rr °!  'Toal  ‘m  r,id?r  Steel,  alloyinR  ,netals  mincd  in  ,he  United  States  have  declined 
in  grade  since  1947  Molybdenum  has  gone  from  a  high  of  0.32  percent  in  the  early  1950’sto 

about  0.20  percent  in  1967.  In  the  mid-1950's  the  decline  was  rather  sharp,  with  the  avenigl 

?964  ti,  lnolyhdenurn  deposits  mined  in  the  country  reaching  a  low  of  0.17  percent  in 

on  v  J<Ilf.i!Ver  SC  Rro  °  ,°  n,Ckel  °rC  mincd  in  thc  United  States  has  likewise  declined,  but 
y  slightly.  From  the  beginning  ol  domestic  operations  in  the  mid-l950’s,  the  average 

grade  of  ore  mined  has  gone  Irom  1 .5  percent  nickel  down  to  1 .4  percent  nickel  in  1 967 
'Z  ;1VCrafC  8Iade.  °‘  uranlum  orcs  nl'ned  >n  the  United  States  has  been  rather  erratic 
U?n!  n 27  mS7o  "'e  Cnd  °f  WoHd  War  "•  Fron'  aPProxin,ately  0.22  of  a  pound  of 

I9578  c,  r  !'!, m  .  ,f8’incn.aVerJ8e  S''ldC  °f  deposits  increased  to  a  high  of  0.33  per  Ion  in 
States  i, .,7  r°  °i'r  'll  '  ^  S’  !!owcver’  tlle  average  grade  of  uranium  mined  in  the  United 

United  Si  ,teCC  InH  ra,lyilS,ead'ly-  By  l967’  ‘he  average  grade  of  uranium  ore  mined  in  the  ' 
United  States  had  again  fallen  to  0.20  of  a  pound  of  U308  per  ton  of  ore  mined. 

similarlvr|7t1SHPar“iCUlarly  ,ho^  used  modern  ;d|oys,  are  mined  from  ores  containing 

United  States  fn  i  q7  c<>ncen‘ra‘'°"s  of  metal.  The  average  vanadium  ore  mined  in  the 
united  States  in  1968  contained  one  percent  vanadium  metal.  Beryllium  ores  when  thev  are 

mined  a.  all  m  the  United  States,  average  about  four  percent  beryllium  In  a  silica !e  form 
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AVERAGE  GRADE  OF  PLACER  GOLD  ORE  MINED  IN  THE  UNITED  STATES 
(in  recoverable  oontent  per  ton  of  ore) 


Fig.  42  -  Average  recoverable  content  of  placer  gold  ore  mined  in  the  United  Stem *  «/>w>  iqa7 
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AVERAGE  GRADE  OF  SILVER  ORE  MINED  IN  THE  UNITED  STATES 
(in  recoverable  content  per  ton  of  ore) 


T'^^T 

1952 


1957 


1962 


1967 


l  t 


1972 


'  19^7  ' 


1982 


T—P 


1987 


AA  _  An 


Ul- 


POLNDS 


MERCURY  ORE  MINED  IN  TOE  UNITED  STATES 
(in  recoverable  content  per  ton  of  ore) 


Fig.  45  -  Average  recoverable 
projected  to  1985. 
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AVERAGE  GRADE  OF  COPPER  ORE  MINED  IN  THE  UNITED  STATES 
(in  recoverable  content  per  ton  of  ore) 


Fig  46  -  Average  recoverable  content  of  copper  ores  mined  in  the  United  States  since  1947  and 
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AVERAGE  GRACE  OF  IRON  ORE  MINED  IN  THE  UNITED  STATES 
(in  recoverable  content  per  ton  of  ore) 


Fig.  47  -  A  verage  recoverable  content  of  iron  ores  mined  in  the  United  States  since  1947  and  projected 
to  1985. 


PERCENT 


AVERAGE  GRADE  OF  LEAD  ORE  MINED  IN  THE  UNTIED  STATES 
(in  recoverable  content  per  ton  of  ore) 


Fig.  48  -  Average  recoverable  content  of  lead  ores  mined  in  the  United  States  since  1947  and  projected 

to  1985.  incJudina  onh/  those  ore*  mined  nrimerihr  fnr  their  lead  content  _ _ 


AVERAGE  GRADE  OF  ZINC  ORE  MINED  IN  THE  UNITED  STATES 
(in  recoverable  content  per  ton  of  ore) 


PERCENT 


Fig.  49  -  Average  recoverable  content  of  zinc  ores  mined  in  the  United  States  since  1947  and  project  d 
to  1985,  including  only  those  ores  mined  primarily  for  their  zinc  content. 
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PERCENT 


AVERAGE  GRADE  OF  MOLYBDENUM  ORE  MINED  IN  THE  UNITED  STATES 
(in  recoverable  content  per  ton  of  ore) 


Fig.  50  -  A  verage  recoverable  content  of  molybdenum  ore  mined  in  the  United  States  since  1947 and 
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Tungsten  ores  averaged  about  0.4  percent  with  the  tungsten  in  the  oxide  form.  Manganese 
ores  were  the  major  exception  to  the  relatively  low  grades  found  in  ores  of  alloying  metals. 
Where  they  are  mined  at  all  (and  this  is  rare  in  the  United  States  at  present)  manganese  ores 
average  about  35  percent  manganese. 

Among  the  industrial  minerals,  the  grades  of  commercial  rock  mined  in  some  instances 
were  similar  to  those  that  had  been  mined  in  the  past.  In  other  instances  they  had  changed. 
The  average  grades  of  limestone  mined  (in  terms  of  calcium  in  carbonate  form)  remained 
relatively  unchanged  in  1968  from  1860.  In  hydrated  sulphate  form,  however  (i.e.,  as 
gypsum),  the  average  grade  of  rock  mined  contained  about  21  percent  calcium  in  hydrated 
sulphate  form.  This,  although  different  from  the  1860’s,  was  relatively  unchanged  from 
1947. 

Potassium,  where  mined  as  a  solid  rock,  contained  about  15  percent  potassium  in  the 
oxide  form  in  1 968.  Where  found  in  brines  containing  potassium  oxides,  the  average  deposit 
contained  about  two  percent  potassium.  The  average  grade  of  sulfur  deposits  mined  in  the 
United  States  in  1968  ranged  from  20  percent  to  40  percent  contained  sulfur.  Like 
potassium,  this  also  was  relatively  unchanged  from  1947. 

Sodium  was  mined  in  1967  in  several  forms.  In  the  chloride  form,  i.e.,  as  rock  salt,  the 
average  grade  of  deposit  still  contained  about  39  percent  sodium.  Sodium  carbonate 
deposits  mined  in  the  late  1960’s  contained  about  22  percent  sodium  in  the  carbonate  form. 
Most  of  these  were  produced  from  trona  deposits. 

The  average  recoverable  content  of  phosphate  rock  deposits  mined  in  the  United  States 
has  increased  since  1947.  The  grade  of  commercially  useable  phosphate  deposits  remained 
constant  for  many  years  at  12  percent,  with  exceptions  in  only  two  years  (1953  and  1954) 
when  the  average  content  rose  to  13  percent  P2O5.  In  1959,  the  average  grade  of  phosphate 
rock  mined  in  the  United  States  increased  to  1 5  percent  and  subsequently  to  16  and  then  to 
17  percent.  From  a  high  of  17  percent  P2O5  in  1965,  the  average  valuable  content  of 
phosphate  rock  mined  in  the  United  States  has  dropped,  however,  falling  to  15  percent  in 
1967.  It  should  be  noted,  however,  that  these  represent  averages  of  the  several  grades  of 
phosphate  rock  normally  mined  in  the  United  States  and  which  are  used  for  different 
purposes.  Useable  grades  actually  range  from  six  percent  to  16  percent  P2O5. 

4.  Changes  in  the  Importance  of  By-Product  Minerals 

In  addition  to  the  changing  grades  of  mineral  deposits,  there  have  also  been  changes  in 
the  relative  proportions  of  metals  produced  as  co-  or  by-products  from  complex  mineral 
deposits  as  contrasted  with  the  proportions  produced  as  principal  products  from  relatively 
simple  deposits.  Much  of  the  gold  produced  in  the  United  States  since  1947  has  been  as  a 
by-product  in  the  refining  of  base  metal  ores,  principally  those  of  copper.  The  low-grade 
disseminated  copper  ores  from  Bingham  Canyon,  Utah,  have  accounted  for  a  major  portion 
of  the  by-product  gold  which  has  been  so  produced,  and  Bingham  Canyon  has  for  years 
been  the  second  largest  gold-producing  mine  in  the  United  States. 

The  percentage  of  domestic  gold  produced  in  any  one  year  as  a  by-product  of  base  metal 
ores  has  varied  from  28  to  40  percent  since  1947.  During  most  of  this  time,  the  percentage 
has  ranged  from  35  to  40  percent.  The  effect  on  gold  production  of  the  labor  walkout  in  the 
copper  industry  and  low  copper  prices  and  reduced  production  in  1958  arid  1959  is  evident. 
(See  Figure  54.)  Increased  production  from  disseminated  copper  ores  and  the  closing  of 
most  of  the  straight  gold  mines  brought  the  by-product  percentage  up  from  29  percent  in 
1947  to  the  35-40  percent  range  by  1951,  where  it  has  remained  most  of  the  time  since. 
Production  from  the  Carlin  gold  deposit  in  Nevada  has  kept  the  percentage  from  increasing 
further  in  recent  years. 

Silver,  derived  from  ore  in  which  it  is  the  principal  product,  ranged  from  a  low  of  1 7 
percent  of  total  domestic  production  in  1949  to  a  high  of  42  percent  in  1959.  Most  of  the 
nation’s  by-product  silver  has  been  derived  from  disseminated  copper  and  lead-zinc  mines  in 
the  Western  United  States.  A  small  portion  (generally  less  than  five  percent)  of  by-product 
silver  is  derived  from  gold  and  gold-silver  (in  which  silver  is  a  co-product)  ores. 
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AVERAGE  GRACE  OF  PHOSPHATE  CEE  MINED  IN  THE  UNITED  STATES 
(in  recoverable  content  per  ton  of  ore) 
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MILLIONS 
OF  OUNCES 


BY-PRODUCT  GOLD  PRODUCTION 


Fig.  54  -  Proportion  of  gold  production  in  the  United  States  since  1947  as  a  by-  or  co-product  in  the 
production  of  other  minerals.  Recent  developments  of  large,  near-surface  disseminated  deposits  in  Nevada 
have  increased  the  importance  of  primary  gold. 
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operation,  the  Blackbird  Mine  wan  fh^  r«o;» 

Competition  from  foreign  sources  however  forc^h***  ■  °f  CObalt  'n  the  United  States- 
lead,  nickel,  and  copper  ores  in  Mishin  InH  m!T  m,ne  «°  close  down  in  1959.  Some 
sources  of  the  metal.  Most  of  the  domestic  dem>anH  >fC°ntaiI1  fobalt  and  have  been  minor 
sources.  From  ,963  to  1966, 45  percent  S£!£ 


D.  KNOWN  MINERAL  RESOURCES  IN  1968 

I.  Metallic  Mineral  Reserve  Estimates 

Western  United  StateViRgure' eO^Se T 'lists  b'"6™',  Jesources  situated  in  the 
principal  known  metallic  mineral  deposits  ianH  r,  a  ymeta’  tllose  states  in  which  the 
reserve  estimates  for  the  maior  metak  anH  PF°  ucJlon^  occur-  Table  9  lists  recent  ore 
estimates,  however,  include  assumption*  nf  d  ^  the  non'metallic  minerals.  These 
constitute  less  than  half  of  the  auoted  fia  ^  Wh,1Ch  h3Ve  not  been  proven-  Proven  reserves 
mineral  commodities  e.g  llrTuT)  IeSS  than  ™e^art-  for  some 

indicated,  and  inferred  reserves  ^  ^  d°  n0t  distingui^  between  proven 

unproven  portion*  ^^^TStZr,fe,*i,nate‘  ^  ^  3  m—  of  the 

particularly,  include  a  large  portion  of  rock  whiT"  S°T  meta'S'  Tungs,en  reserves, 
conditions.  P  °‘  rock  wh,ch  ls  "°‘  ore  under  present  economic 

extracted  as  by-products  of  thTmininc  of  C!?nges  in  demand  0-e.,  not  as  contained  metals 

quoted  figures'^ l  stgn^ant  perc'm^e  ?3  0  t  o Xrce'nU T'  W'™  '°  Per“"‘  °f 
by-product  from  copper  ores  and  rpe,^  U  percent^  °*  molybdenum  is  produced  as  a 

figures  shown.  Whence  "noted  “rure?"65  °Pmolybdenu-  •"  ‘Hus' less  than  the 

resets,  they  may  not  be  al  qUuldlmpT  ‘°  Pr°Ve"’  reSP0"sire'  “"ful 

mercury ,  tungsten,  nickel, 

known  copper  reserves  are  also  in  the  West  b 1°  ™  6171  Srtates-  M°St.of  the  nation’s 

production  are  also  supplied  by  western  states  Western  P°Ftl°n  °f  ,Cad  and  zinc  reserves  and 
small  in  comparison  to  those  of  known  eastern  deoosits^n  ore  reserves’  though  presently 
iron  and  steel  industry  requirements.  P  ’  provide  a  lar8e  portion  of  western 

2.  Industrial  Minerals  Reserve  Estimates 

though^noTurdformly  ’di'Tfbu^eTover^li^UnUe^Sfite's^Th3™^  T  Hmcstone’  are  w'delV 
heir  suitability  for  specific  uses  governs  their  vah„  T  rh<T<,Ual,,y  o(  thcse  deP°^  and 
the  Southeastern  United  States  lack  deposits  of  .  s  mmerdl  resources.  Large  portions  of 
brought  in  from  hundreds  of  miles  aw-iv  u ,  T ie  mir|eral  commodities,  which  are 
production  and  consumption  are  in  the  eastern  °h,lf°!  r  IT  ,n.<!u.strlal  minerals  centers  of 
heavily  populated  and  more  heavily  industrialized  thL  .t  S,a‘eS>  which  is  ' ™re 

deposits,  and  potentially  known  economic  '  ’efWestern  llalf-  Known  economic 

preferentially  concentrated  in  restricted  areas  ofTe  r  °  T"  ind,'s,rial  minerals  are 
The  United  States  is  ores™ ?„ \ !Ir rr f  the  nat“m>  as  shown  in  Table  10. 

commodities  that  command  a  hig  volumTofT"'  tm°St  °f  the  indllslrial  mineral 
however,  reserves  are  being  depleted  near  ° ,nSUmptl0n'  °n  a  loca'  °r  regional  basis, 
found  and  developed  at  progressively  greater  dk!™"8  “nters  and  "ew  reserves  must  be 
minerals  (e.g.,  optical  quartz,  crystalline  calcite  antT'  1°™  * '.e  market'  Some  industrial 
and  have  been  in  critically  short  supply  during ’wirtiT™  are  ‘Almost  exclusively  imported 
the  asbestos  used  in  the  United  States  p  -  8  lme  Perl°ds.  Canada  furnishes  most  of 
lower  grade  than  those  in  Weste^  United  States  are  large,  but  of 

m  recent  years.  ’  ch  has  taken  an  increasing  share  of  the  market 

commodities,  ^'he Tisin^ ^omflation n0t/U,Iy  exp,ored  or  developed  for  most 
making  many  deposits  previously  uneconomic" due ToThe^T!''  ''"T  stimula(ed  demand, 

chemical  nitration,  were  thought  to  occur  only  in  bas’aU  'and  reT^ks  TnT'fhen  only  In 
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minor  quantities.  Exploration  by  Union  Carbide,  however,  developed  high-grade  deposits 
associated  with  volcanic  ash  near  Bowie,  Arizona,  and  the  ore  now  mined  is  valued  at 
approximately  two  dollars  a  pound.  Projected  increases  in  market  demand  and  the  number 
of  uses  for  zeolites  will  probably  lower  the  unit  price  but  create  a  much  larger  market.1 31 
The  area  containing  these  deposits  was  not  previously  known  to  contain  any  mineral 
deposits  of  present  or  future  significant  value.  In  a  similar  manner,  new  technology  and  uses 
will  undoubtedly  continue  to  develop,  turning  presently  valueless  rock  and  mineral  deposits 
into  the  ore  of  the  future. 

Nearly  all  of  the  nation’s  known  bentonite,  potash,  boron,  sodium,  perlite,  and 
diatomaceous  earth,  and  a  substantial  quantity  of  asbestos,  phosphate,  and  gypsum  reserves 
and  production  are  in  the  Western  States.  Their  full  extent  and  quality  are  unknown. 


Table  8 

LOCATION  OF  PRINCIPAL  ECONOMICALLY  USEABLE 
DEPOSITS  OF  METALLIC  MINERALS  IN  THE  UNITED  STATES 


Metal 

Iron 


Copper 


Lead 


Zinc 


Molybdenum 


Gold 


Location 

1 .  Minnesota,  Michigan,  and  Wisconsin 

2.  New  York,  New  Jersey,  and  Pennsylvania 

3.  Alabama  and  Georgia 

4.  Wyoming 

5.  California 

6.  Nevada 

7.  Colorado 

1 .  Arizona,  Utah,  Nevada,  and  New  Mexico 

2.  Montana 

3.  Michigan 

1.  Missouri 

2.  Idaho 

3.  Utah 

4.  Colorado 

1.  Tennessee 

2.  New  York,  Idaho 

3.  Colorado 

4.  Utah 

5.  New  Jersey  and  Pennsylvania 

1.  Colorado 

2.  New  Mexico 

3.  Utah 

4.  Arizona 

1 .  South  Dakota 

2.  Nevada 

3.  Utah 

4.  Arizona 
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Table  8  (Continued) 


Metal 


Location 


Silver 

1.  Idaho 

2.  Arizona 

3.  Montana 

4.  Utah 

5.  Colorado 

Mercury 

1.  California 

2.  Nevada,  Oregon,  and  Idaho 

Tungsten 

Nickel 

Uranium 

1.  California 

2.  Nevada,  Colorado 

1.  Oregon 

2.  Minnesota 

1.  New  Mexico,  Utah,  Colorado,  Arizona 
(Colorado  Plateau) 

2.  Wyoming 

Beryllium 

1.  Utah 

The  following  metals  are  obtained  almost  exclusively  from  foreign  sources 

Platinum 
Tin 

Beryllium 
Manganese 

States  in  italics  are  public  land  states. 


Aluminum 

Antimony 

Chromium 

Cobalt 
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operations  in  the  We£t7s  ^P^/ZTthT^anon^non^  f?***  The  heavV  concentration  of  such 

favorable  conditions  for  "onferrous  metal  mining  industry  - -  -  *  -  . 


Table  9 


RECENT  ESTIMATES  OF  RESERVES  OF  SOME  MINERAL  COMMODITIES 


Iron  Ore 

i  5.6  billion  long  tons  (25-60%  iron  content) 

Copper 

85.5  million  short  tons 

Lead 

35.0  million  short  tons 

Zinc 

1 5.0  million  short  tons 

Silver 

1,320  million  troy  ounces  (including  by-product 
silver  ores) 

Gold 

54.0  million  troy  ounces  (including  by-product 
silver  ores) 

Mercury 

825  thousand  flasks  (76  lb.  each) 

Tungsten 

143  million  pounds 

Uranium 

1 95  thousand  short  tons 

Beryllium 

600  thousand  tons  of  Beryl  (12.5%  containing 

Beryllium  oxide)  minimum;  principally  in 

Utah  deposits 

Molybdenum 

6,000  million  pounds  (including  molybdenum  produced 
as  a  by-product  of  copper  ores) 

Asbestos 

5  million  short  tons  (estimate,  this  report) 

Nickel 

1  million  short  tons 

Potash 

450  million  short  tons 

Sodium  Carbonate 

650  630iO1965)rt  t0nS  (U.S.B.M.  Bull. 

Sodium  Sulfate 

261  million  short  tons  minimum 

Fluorspar 

5.1  million  short  tons 

Source  of  Data.  Commodity  Data  Summaries,  January,  1 965,  U.S.  Bureau  of  Mines. 
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Table  10 


Commodity 

Phosphate 


Potash 


Boron 

(borate  minerals) 
Sodium  Carbonate 

Sodium  Sulfate 

Sulfur 

Asbestos 


Perlite 

(acoustical  and  heat 
insulation  material) 

Gypsum 


Location  ' 

2  wl°cf  ^  a"ud  adjacent  states  to  the  north 

Z  ZohOSPhate  ^-Montana,  Utah,  Wyoming, 
3.  Tennessee. 

2.  ll7b~utZMexico border (Car,sbad «•>. 

3.  Southern  California  (saline  and  drv  lake 

'n  aSS°C,ation  with  borate  and  sodTum  nuneral')  ’ 

California.  ****  deposits  in  Southern 

1  •  Wyoming. 

I: 

1.  Texas 


1 .  Southern  Texas  and  Louisiana. 

L  Vermont. 

2.  California. 

3.  ylrizona. 

L  New  Mexico. 

2.  Colorado. 

3.  Arizona . 

1.  California. 

2.  Michigan. 

3.  Iowa. 

4.  Texas. 

5.  Arizona , 

6.  Virginia. 

7.  New  York. 
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Table  10  (Continued) 


Commodity 

Bentonite 


tomaceous 

earth 

Flourspar 


Talc 


Location 


•  Mississippi  Texas,  Arizona. 

1.  California. 

2.  Nevada,  Oregon,  Washington. 

1.  Illinois,  Kentucky. 

•  Colorado,  Montana,  Nevada,  Utah. 


1 .  California. 

2.  North  Carolina. 

3.  Texas. 

4.  New  York. 


States  in  italics 


are  public  land  states. 
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PRINCIPAL  MINING  DISTRICTS  IN  THE  UNITED  STATES 

1968 


Pkoapftato  Rock  F\]  Srtwor  and/or  «aM  A 
(Epitharmal) 

Camaat  PM  C 


Fig.  61  -  Principal  nonfuel  mineral  producing  districts  of  the  United  States  in  1968.  Although  most 
metallic  minerals  are  now  produced  from  deposits  west  of  the  Mississippi  River,  the  location  of  industrial 

minerals  production  is  more  closely  related  to  the  nation's  nondmtin** 
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E  CHANGES  ,NMINERALreso 

Changes  in  Mineral  Deposit  Characteristics  BY 

The  laroe*  i _ 


The  -««-cienstics 

important  in’ the'^ft™de»’  disseminated  mineral  ,i 
,rue  not  only  for  thn'°n  S  mineral  resource  pictureeP°Sl1  undoubtedly  h 
„  (heYylVo?LC?mn,0di'iescu™ndy  fou„dVer  the  nex(  decades  Th"16  m°re 
drastically  by  ?98S  it  “L  r°,cks  ass°eiated  wrth  yah  7,S‘JCt“  deposits  but  foro, t.  ** 

^  more  frequents’  /  hlghiy  probable  that  P  aluabIe  mineral  deposits  n  rs  35  Wefi- 
valuable  minerals  wi||T0d  *°  con,ai"  deposits  of^P  «"eo^  and  LdimentTrv"^ ‘ 

Changes  in^thp"*  dominance  of  sulfides 'oxMS  beC°rn,n*  ™ore  Spofra*  "atUre  of  those 
Potassium  before  Ids?'”1  COInP0sition  of  the*’  and  carbonates.  d;>  ore  minerals 

deposits  Bke  those  at  r^r 8°,d  is  stiil  <he  basic  cdan‘  economic  source  GoU^  for  these 

CoB“'  "'«•  SWStfyiK  as  £ 

titanium  m^ra,s  m?"d  for  titanium  mav  en  Vas!I>  different 

deposits  rich  in 

eopper  from  o,„ ,®grade  a"d  inexpensive  to  ‘  .nonte  or  melaconite  have  P?er  deposits 
major  copper  ora  m,nera,s-  Although  coni  m'ne  beca«e  of  the  hieh  T  ‘he  pas'  had 

riKKsrr; fir  •Zs^zsr- 

United  States  in  1985  MP°S'tS  Shou,d  continue  toT  ??  pu(  into  Production '°U,d  become 

«5T^5  <»  *■» 

applies  of  sand  T  Some  re8«'ons  contJ^  Wlth  the  “oil  shale”  d^  SodlUm  minerals 

some  minerals  in  ISI"8  pnces  sufficients  ‘  °nships  of  supply  to  a 
Production  thi  W.  Produced  largely  as  h  ’  previ°usly  unprofitable  I  emand-  If  demand 
PommoSs  ThSe  Chang,n«  'he  rat*  of  or  »  '  'T8rada  deposits  "? 

and  other  cau^f  r°"Verse  is  a<so  trie  £r£,produc‘  to  P®»n  r?  ™ay  co™  into 

— « - -  wr*5£~S 

deposits  which  will  be 
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discovered  and  put  into  production  over  the  next  fifteen  years  is  just  about  as 
unpredica  table.  Projections  must,  therefore,  be  considered  subject  to  change  depending 
upon  changes  in  the  factors  upon  which  the  projections  are  based. 

2.  Changes  in  the  Economic  Grade  of  Mineral  Deposits 

If  recent  trends  in  the  technology  and  economics  of  gold  mining  continue,  by  1985  gold 
n  T’  to  be  commercially  useable,  will  have  to  contain  at  least  .01  of  an  ounce  of 
gold  per  cubic  yard  of  gravel.  Gold  ores  in  place,  1  owever,  may  remain  relatively  constant  in 
the  current  level  of  about  0.35  of  an  ounce  of  gold  per  ton  of  ore.  Much  of 

failureofbro^  T"  "°W  fd  ,l985  Wl11  depend’  in  many  respects,  upon  the  success  or 
failure  of  large-scale  open-pit  gold  mines  such  as  those  at  Carlin  and  Cortez,  Nevada 

1  he  average  grade  of  silver  ore  mined  in  the  United  States  is  likely  to  decline  by  1985 

probably  to  an  average  of  about  1 6  ounces  per  ton.  The  average  grade  of  silver  deposits 

pattern' of  83,  bowever.  could  fall  below  eight  ounces  per  ton  and  could  rise  above  20.  The 
?  ol  metallic  content  in  silver  ores  in  the  past  has  been  erratic,  and  the  pattern  in  the 
future  may  be  expected  to  be  equally  as  variable. 

If  current  trends  continue  in  the  demand  for  and  the  supply  of  mercury  the  average 
grade  of  mercury  deposits  mined  in  the  United  States  will  probably  continue  to  decline 

however^  an/"  T"  TT  ^  P°UndS  PCr  by  l985'  Nation  -Td  be  erratic,’ 
k>  C0U“  8°  as  h'ghas  ten  pounds  per  ton  or  drop  to  ore  deposits  of  extremely 

low  grade,  i.e.,  containing  less  than  one  pound  per  ton. 

Among  the  base  metals,  variation  in  grade  by  1985  may  also  be  highly  variable 

the  United  Stare^  T  T  mTi?'  By  1985  the  average  grade  of  lead  deposits  mined  in 
could  eo  much  h'  T  Pu°  3  y  a  to  between  2.5  and  three  percent  recoverable  lead.  It 
cou  d  go  much  higher,  however,  exceeding  four  percent  before  the  middle  1970’s  or  it 

Unded3?."1,  KP,aS  low,ans  *wo  Pccent  by  1985.  The  average  grade  of  zinc  ores  mined ’in  the 

^ade  of  le'ad  ores  6,1  ^  ' 985  may  be  6Xpected  f°  Vary  just  as  much  as  the  3™rage 

h  .By  nT’T  average  grade  of  copper  ores  mined  in  the  United  States  will  probably  fall 
ow  0.5  of  one  percent  recoverable  copper  and  could  go  as  low  as  0.4  of  one  percent  The 
average  recoverable  iron  content  of  iron  ores  mined  in  the  country  w.TpJSy  also 

orohahl V  h°  f°  OW  \ decbmng  path  and  could  go  as  low  as  1 0  percent  iron  by  P  985  and  will 
P™bab  y  b  n°  han  20  percent  by  that  year-  Such  a  decline  in  the  average  grade  of 

the  Western°Un<it^ddSra0tSeltS  T'**  haVe  a,sign!ficant  impact  uP°n  many  deposits  throughout 
tne  western  United  States  not  now  considered  economically  useable 

Among  the  lesser  metals,  the  average  grade  of  molybdenum  deposits  may  be  expected  to 

T.TZ.TTT  1985  and  C°Uld  g°  We“  below  01  <>f  one  pereent  molybdenum 
gL!985  nS  f  m  the  average  recoverable  content  of  nickel  ores  mined  in  the  United 
States  will  probably  continue  to  decline  between  1968  and  1985,  and  will  probablv 
approach  .3  percent  or  at  least  be  well  below  1 .4  percent  by  that  year 

pasT  andT^nTiUm  The  grade  of  uranium  ores  has  been  erratic  in  the 

P  ,  it  can  be  expected  to  be  just  as  erratic  in  the  future.  By  1985  the  average 

recoverable  content  of  uranium  ores  mined  in  the  United  States  could  go  as  low  as  0  1  of  a 

P The  T  3°8  Per/°nf°f0re  and  WiH  probably  fal1  wel1  bc'ow  0.2  of  a  pound  per  ton 
k  e  avtrage  grade  of  most  industrial  mineral  deposits  mined  in  the  United  States  will 
probably  remain  relatively  unchanged  between  the  late  1960’s  and  1985  The  average  grade 
of  phosphate  deposits,  however,  is  likely  to  increase  by  198S  The  verage  grade  of 

aTT  itoeT  TTn  "  UTd  StateS  (if  “  is  at  a"  available,  will  pTably  mcrease 

deposits  containing  such  conceTaL8nsTh'atiLU^orm?mngThlS’  °f  C°UrSe'  aSSUmeS  tha‘ 


» 
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3.  New  Sources  of  Minerals 

iMnerals°  And  “  "  “el^wt°comSy  new' VoT*?' mineral  deposits  will  change  by 

— ■£?£;  r:i“  f  •^suas.  srca  S  T- *  ~ 

ex^ples  of  such  resources.  *°  be  Pr°fitab|y  ""’"ed  In  the  fut u^Thte'Trenu.nc''’"’' 
Certain  sedimentary  fo  i^cre  are  numerous 

•r%»r‘  -  ■*-  ""£1“ "T=M=s; 

economic  processes  for  fiUm  and  8erman'um  in  some  cases  Furth  an  ,gn*(e  11  a 5  been  an 
Power  plants  or  at  l"'*  «‘^>»  of  various  metak Tom  ash IT”?  C°Uld  de"*>P 

concentrations  of  silver  ynd  nti  K  V1Cln,ty  o<  the  Salton  Sea  ratify  • 

couJd  lead  to  th»  w  ‘  nt^  other  metals.  Utilization  of  m  ~abfornia,  contain  high 

and  olher  chemicaU-omn"16"1.  of cprofitab|e  extraction  process’ll' a"  energy  so»rce 
water  exist  as  dissolved  .pounds'  Elements  and  compounds  omir^  leir  contained  metals 
mineral  forms  of  m'  0,ns’  ral lcr  tllan  as  minerals  in  tlx-  i  i  uril,n8  m  brines  and  in  sea 
above  are  pmsendv To?  r™ities  occurring  n  the  n  '3'  *»“•  The  chemical  or 
other  may  he  "in,  r,l_known  '»  all  cases  Some  n,  environments  mentioned 

compounds  (e  g  jn Co7‘ lJ'!bin  “le  mo|eeular  structures  ofTtl  ""  'ne,al  sulfides  while 

water  by  desalini  a,  “'pt8"' tar).  Research  on  th  p  <  U  tl°0‘  "  or  organic 

years.  Many  elements  and  °Perat,ng  on  atomic  energy  |  x°  °  frrah  water  from  sea 
water.  It  js  "vS™d  impounds  must  be  removed  i  t  Progress  for  several 

concentrate  from  th  *  L>  f  Wrctore,  that  economic  nrn  °  Process  °t  purifying  the 

Considerable  'nvesLa';^;::4'  certain  compounds  an"  elTJ  fbe.dCTe,°Pc‘  to 

potential  of  larpp  8  on  has  also  been  made  reearriin  h  lcments,  including  gold. 

contain  significant  amounts  of"*  ™an8anese  n‘>d"les  oiwhe economic 
for  the  mining  of  theep  j  U)PPer>  nickel,  cobalt  and  ofhpr  \  ,ese  nodules 

however,  to  sequel,  “  ,,  0°,  “  “  ’aVe  n<)‘  as  V*  been 0™^.^ a,S,' Pr°n,ab'e  methods 

Just  as  the  oceans  are  known  h’  T11  Witbin  ,he  "ext  fifteen  years"  "0'  bU  SUrprisin«- 
basaltic  flows  of  th,*  , *  ,  to  cover  mineral  resource  ;»  ' 

form  an  effective  cover  R‘Ver  vo,canic  Province  in  the  N  '  f|,rtUai  Certainty  that  the 

and  zinc  as  well  Wherever" Ir  '"8  ma"y  go,d  deP»sits,  and  prob/h 'WCSfern  Uni,ed  Sta,cs 
literally  studded  with  m'af  lava  field  is  bounded  hv  m  V  many  of  silver-  lead 

co„r  -«•  <.»..««  n„6'  ““'2  ;2'  "»» « 

The  Columbia  Plateau  |nu,n  ’  ’  cac*’  Zlnc,  or 

laid  down  over  rough  terr-iin  *  p  °WS’  mam,y  ot  basalt,  are  very  thick  i 

. 

ranges  wluch  are  only  slightly 
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submerged,  and  where  met  i r 

either  by  opeTptor  l“  I"ountains  might  we||  |le  developed  even  today.  Ore 

„  ™e  Wes?cX^X?^sUo?erUndmeth^s  ~to  depths  of  mining, 

fh  off  9r -  «—  Sho„,d 

to- —  -- 

The  Carlin,  Nevada  pnln  t  ue  °  decrease  through 

Kf  there  troit'of  sZ^Z'Vn66’^  theCortCZ' 

Cortez  mine  will  be  as  rt  r  '*  Sh°U'd  s,i»  be  operating  in  Togs  „  h ’S°lu‘e  increase  *" 

no«"d  fi;  for  the  furth"  Z&XGSS 

deposits^  ofPtsS  Ty^ftT  ^££Sr"1  ?  *  “  ™  ^ 

“t  there*  are 

same  structural  belt  that  nrov!!1  /)eanng  g0,d  at  Carlin  and  Cort^  huf]dreds  of  square 

I:::;;: ;;  ■“  -awafr  as 

tow-gride' gold  depots  faM^e^1*386  ^pXo/priml^old'"^  beC°me  exhausted 

to  Sr  « in,°  ^toduetton' before  ms\ZTTat' 

present  pnce  ILe  lu  l  3n  ounce>  and  particularly if V “  P"ce  of  gold  continues 

ShUt  d0W"  may“  1 'Sys  the 

rruf/oterert  %  ‘tf 1 947  tofete^Lrby  “'‘d"  haS  bee"  ^dually 

-2  "7  ZT^ 

discovered  and  nut  ,  years.  If  new  large  Inu/  nm/i  ..  a  ted  coppor  mines 

*•  ~  »- *  ■«■**- —**  »<*.  dt„„„ 

Sr™?  <>■  *•"  -  * 

a”  S;  s,  “psrs 

silver  minina  A  “  "8  the  next  decade,  nuglU  neonu  !  ’  Wlth  Price*  that  might 
exploring  the  low-aradeeXaniple  °f  sucfl  an  occurrence  a')8e'tonna8e.  low-grade 
Calico  Minina  Distrie.  0near‘surface  silver  deposits  in  the  ,comPany  has  been 
where  wHSjTV  ?  Southeastem  California  o  ,  "  !  Wefern  Part  of  the  old 

tonnages  of  neLsuifarpeti!,led  exP,ora‘ton  may  be  abl^p!  IT®  ,reached  a  stage 

southwest  (as  well  as  in  M  ow'8rade  silver  ores  in  many  old  „,■  8ve  op  substantial 
'  611  as  ,n  Mexico,  Peru,  and  Chile)  ”™  3ny  0,d  minin8  districts  in  the 
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The  increase  in  the  price  of  silver  from  90  cents  per  ounce  in  1961  to  more  than  two 
dollars  an  ounce  has  turned  previously  low-grade  waste  into  ore  and  stimulated  exploration 
or  large,  low-grade,  disseminated  deposits  amenable  to  open-pit  mining,  as  well  as  renewing 
mterest  in  known  low-grade  silver  deposits.  Disseminated  silver  deposits  have  been 
discovered  at  Calico  in  Southeastern  California.  When  these  deposits  and  other  similar 
deposits  yet  to  be  discovered  are  placed  in  production,  they  will  sharply  increase  the 
percentage  of  silver  produced  from  ore  in  which  it  is  the  primary  metal  of  value.  A  small 
open-pit  operation  producing  10,000  tons  per  day  of  ore  containing  three  ounces  of  silver 
per  ton  in  1966  would  have  raised  primary  product  silver  percentage  of  the  nation’s  siJver 
output  from  33  to  approximately  54  percent.  Such  an  operation,  or  operations,  are 
probable  within  the  next  five  to  ten  years  and  should  more  than  offset  anticipated  increases 
m  by-product  production  from  new  or  expanded  base  metal  mines. 

In  late  1 967  and  early  1 968,  industry  and  financial  predictions  were  for  the  price  of  silver 
to  climb  to  three  to  five  dollars  an  ounce  within  the  next  few  years,  due  to  increasing 
demand  and  the  shortage  of  the  metal.  More  recent  market  behavior  indicates,  however,  that 
a  significant  portion  of  recent  silver  demand  has  been  due  to  speculation.  Moreover 
production  from  deposits  such  as  those  at  Calico  would  satisfy  a  large  portion  of  the* 
increased  demand  and  tend  to  hold  prices  down. 

Electrical  manufacturers  have  recently  expanded  production  of  silver-clad  copper  items 
previously  made  entirely  of  silver,  in  an  effort  to  hold  down  costs.  Eastman  Kodak  has  been 
developing  a  substitute  for  silver  to  use  in  the  manufacture  of  photographic  film,  one  of  the 
major  categories  of  silver  consumption.  If  and  when  a  substitute  comes  into  active  use,  the 
rate  of  increasing  demand  for  silver  would  be  temporarily  reduced  until  increased  use  of 
silver  in  other  products  could  take  up  the  slack. 

The  use  of  silver  substitutes  could  result  in  sharply  lower  prices  for  silver  making 
low-grade  silver  mineral  deposits  unprofitable  to  mine.  This  would  substantially  decrease  the 
amount  of  primary  silver  production.  The  amount  of  by-product  production  from  lead-zinc 
ores  might  also  decrease,  but  that  amount  derived  from  disseminated  copper  ore  would 
probably  remain  essentially  unchanged.  The  silver  in  western  lead-zinc  ores  contributes 
substantially  to  their  total  value,  but  is  too  low-grade  (a  few  tenths  of  an  ounce,  at  best)  in 
e  nation  s  copper  ores  to  make  any  difference  in  the  value  of  the  ore  as  mined  The  net 
result  would  be  to  increase  the  percentage  of  by-product  silver  production 

Projection  of  the  current  trend  indicates  that  silver  derived  from  primary  silver  ore  will 
account  for  approximately  half  of  total  domestic  production  by  1985.  If  the  Calico  and 
other  sumlar  deposits  come  on-stream,  this  figure  could  rise  to  75  or  80  percent  of  total 
United  States  production.  Conversely,  widespread  use  of  a  silver  substitute  in  photographic 
applications  could  reduce  this  figure  to  30  percent  or  less. 

Nevertheless,  active  exploration  is  presently  going  on,  especially  in  the  Basin  and  Range 
region  of  the  West,  in  search  of  traditional  “straight  silver”  deposits  such  as  those  at 
lonopah,  Nevada.  Some  success  appears  likely.  Of  an  even  stronger  bearing  on  possible 
conditions  in  the  silver  mining  industry  in  1985,  however,  is  the  current  search  for  large 
disseminated  silver  deposits.  One  such  disseminated  silver  deposit  has  already  been  found 
le  deposit  at  Calico,  California,  but  is  not  yet  underdevelopment.  The  “Silver  Belt”  in  the 
Coeur  d  Alene  district  of  Northern  Idaho  will  probably  still  be  producing  in  1985. 

Most  present  copper  producing  areas  will  probably  still  be  producing  ih  1985,  but  some 
ot  the  older  and  some  ol  the  smaller  porphyry  coppers  (e.g.,  Bisbee)  may  be  approaching 
exhaustion  by  that  time.  On  the  other  hand,  new  deposits  will  undoubtedly  be  found.  In 
Southern  Arizona,  major  faulting  has  taken  place  since  formation  of  the  disseminated 
copper  deposits  some  70  million  years  ago,  and  such  faulting  has  hidden  many  deposits.  In 
ne  late  1950  s,  a  small,  independent  prospector  started  a  drilling  program  west  of  the 
known  San  Manuel  ore  body.  It  was  theorized  that  part  of  the  original  mineral  deposit  had 
been  moved  down  by  movement  along  a  fault.  The  theory  was  confirmed  by  discovery  of 
me  great  Kalamazoo  ore  body,  since  acquired  by  the  owner  of  San  Manuel.134  Bv  this 
acquisition,  that  company  may  have  doubled  its  known  ore  reserves.  Careful  geologic  study 
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copper  type  of  deoosit  A°Und  throU8hout  the  West  mav  offrr  n’  ?nd  Zlnc’  S,milar 
northeast  of  NoeaJes  A  A  possib,e  example  is  the  Pataeonia  ^T0™186  for  the  Porphyry 
quartzite,  and sL,e  IniT^  Iar*e  masses  0f«c  rnT*’  **  *°  15  ^ 

111  rissi  diir  d,strict  has  produced  si,ver’ ,ead’ 

thV geologic  structure-80}  There  £  aritiT"  a"d  20  miies  east 

discovery  The  Helveti  J-  l10™118^  understood  as  was  the  are  discovered  only  after 

be^erth^he”0^15^  0”°^d^eV°^”^s6”  ^''^^^^PPSf'mineral^lepositshi 

Xv/aS?"  ^ 

minerals  found  atZSa;fo°rd.the  ^  TO,Can-”  that  are  LZ7ot”Z  ^  SUrfa“ 

SauS:  ^  *  “mT^0tnhestneXt  f  ™a"®S  Anaconda^ 

Xont°oU„nsCeodf  oPreanS  *  5S 

west.  1  *  o  The  El  PasoNa^TXmf  Kaiamaz°°  ore^bodywWch"  adZsT™  1° 

deposits""^  Safford'  T  “*  mention«d  "both  P^Dodge  mT™  Pr°perty  south  of 
Mines  Corporation  also  Wh'Ch  may  come  into  production^' CO“  'laVe  mineral 

wEt^  ma8nitude  at 

SK„r;£^„K™rri" ; Xr&'ife-  r: *—>  *«. », 

and  Refining  isPdeveloninPr0duc,?n  "»Wn  the  next™  to  £n  ‘  3  Pe?*'.  Wasl>ington,  which 
Santa  Rita  oXX"8  3  Sma"  COp-  dap™‘  in  Sme,,in« 

Exploration  for  coDDer  Xlco  near  Kennecott’s 

£%“ irsz  ;r“  .*ps  '«  -  »» ... 

~  i«s  rPs  r  6r  test  rr» 

d"““  — 

^  put 


132 


p"duec W,l'  rl,aWy  ensure  Arizo,11<’s  portion  as  .1  ,eao,ne  copper 

reauire  an  extr  a'  ri.nt5  Bei  ai'se  °!  t,he  lead  tlme  1,1  exploratton  and  development,  it  would 
the  Tpv.T  extr',ord  nar5'  number  of  discoveries  in  Nevada  and  the  Pactlto  . .  ,vs( 

states  prior  To  ms  "  geographic  shift  in  Production  of  any  great  magnitude  to  these 

es  Jnrial'Tt-causeT.T  ,yh  a7'  pr(oduc*ion  from  the  Lake  Superior  region  has  increased 

essentially  because  ot  the  development  of  the  White  Pine  deposit.  Should  it  increase  further 

and  should  new  nnnes  be  developed  in  Nevada  and  the  Pacific  Northwe  t 

domestic  copper  production  could  be  whittled  down  to  some  extent 

molvhdfnS  ln  C°Prr  product,on  from  iar?e  porphyry  deposits  will  also  affect  the  nation’s 

molybdenum  NeT  T *UCh  dCP°SitS  are  Hke,y  to  remai"  a  major  source  of  by-produc 
molybdenum.  Near-term  increases  in  primary  molybdenum  production  however  mav  hold 

down  or  reduce  the  percentage  of  total  production  now  accounted'  for  bv  bv  nrTdur 

r  r—-  ,°VCr  ,he  longer  ,erm>  existing  molybdenum  mines  will  probablT  mcrea-r 

mTnes  T°hn  t  \  COmpe"Sating  f°r  '"creases  in  by-product  molybdenum  from  ToTriTr 

will  nuemate  aSca  rdhm  to  TaT”  m°lybde"un1  and  copper  ™ne  production  ol  molybdenum 

domyertorT;iTndheri'TsT^7bably  TOUnt  f°r  betwJn  35  a"d  45  pe  "ceS  O,  total 
increai  at  a  ^adual  rl  j  percentage  of  by-product  molybdenum  will  probahlv 

accuraTv  of  thf  f  ’  uaCh,ng  a"  average  figure  of  about  40  percent  by  1985  In, 
accuracy  of  this  projeetton,  however,  is  quite  tenuous,  as  it  depends  heavily  UDon  the  ex,,..' 

to  which  new  mmes  of  both  copper  and  molybdenum  are  put  into  production 

anifraTif^  dlsseminated  molybdenum  sulfide  mineralization  in  Western  Arizona  Nevada 

Bv  nTo  T"3  fre  preSently  known  and  maV  *ome  day  become  the  sites  of  producing  miner 

mmes  Ire  ommedT’  produc,lon  from  disseminated  copper  deposits  win  increase' as  new 

denolitl  neTr  M  d  d  T  8  ones  are  exPanded.  However,  the  Urad  and  Henderson 
deposits  near  Climax  are  being  developed  and  will  add  to  the  Climax  area’s  outnut  iWrir^ 

1TmTTla1BcsetVCl0TThHntS  “  SeeTS  Ukely  that  Colorado  will  maintain  its  position^  the 

nation  s  la.  gest  molybdenum-producing  state  through  1985. 

by  New>lMexko°s1nceT 9Sfi4SO  ' m^°j  source  of  uranllim,  it  was  subsequently  supplanted 

in  major  exnloratfon1ffo9ri4’tanf  Ta  lncr®ases  in  the  demand  for  uranium  have  resulted 

of  "these  ex  l  eTl  ,  [”  °re  depositS'  A  considerable  Portion,  if  not  most 

inese  exploration  efforts  have  been  concentrated  in  Wyoming  This  exninratine  ; 

Wy“g  bym|  3  Shif*  "  ‘he  C0nCe"*rati0P  pf  domestic  to 

l985nThebdTmandafogr  amiin  6  SUpPly  °f  S°me  °f  'he  min°r  me,als  can  also  be  erected  by 
sources  of  tnZ  t  t,,n°ny  15  increasing  at  a  rate  of  about  two  percent  a  year.  Foreign 
sources  of  supply,  however,  are  expected  to  continue  to  dominate  the  market  Unless  th 
pnee  of  an  tmony  is  substantially  increased  either  through  loss  of  folekn  supphes  o  he 
development  of  a  much  greater  demand  than  is  now  foreseen,  the  percentage  of  antimnnv 

rs.vr?  r  corrnt  is  zczz 

loss  m  f  8  •  ’X5  ,S"n'li,r|y'  Uld«s  the  supply-demand  picture  is  changed  by  the 

h°fh  H  8  supplies,  substantially  increased  demand,  and/or  the  discovery  of  large 
ugh-gradc  reserves  in  the  United  States,  cobalt  will  continue  to  be  a  by-product  of  llhe 
metal  product.™  through  1985.  Likewise,  unless  new  uses  are  developed  which  wouM 
ncredst  demand  sufficiently  to  make  it  more  valuable  than  the  other  metals  with  which  it  is 

«hrrghy,9a85OC,ated’  biSmU,h  iS  expec,ed  remain  “Wy  a  by-product  Tf  oTter  Orel 

rerliained6?1’  "'e  °Fcent<f s  of  d°mestic  mercury  production  in  California  and  Nevada  have 

s-r,£= 

r£:VF’”r”; 
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starte<jPp roduction °of "erro-rdd ke^  a Uts* pta ntmfar  R.ddfe  “h  £“"5%”^  e^TiT 
^u‘“  U.98°5f  MaeanwMyeea^at  ^  °f  a"« 

l,  ass  as:  ass 

conducted  m  Northern  Minnesota,  but  no  significant  deposL  have  been  devel^d  the^  J 

riT^d‘^ 

of  ^hls^/T13’  arOUV70  m,les  southwest  of  Fresno.  These  deposits  contain  hundreds 
Phosphate  reserves  in  Florida  in  1965  were  estimatpH  at  tu>n  k*h‘  i 

itlftlpiili 
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F.  SUMMARY 


v 

^Jh-ehave  been  many  changes  in  the  known  nonfuel  mineral  resources  of  the  United 
States  stnce  the  beginning  of  the  westward  movement  of  population  in  Uie  a  cent  ,^ 

Mexican  territory  This  area  is  the  north  t°U  ’f  lnS  a  sizable  strip  of  what  had  been 

were  producing  silver  in  1 860  ''  n°  surpr,slng  that  several  deposits  in  the  area 

tremendous'  iT  ?  *e  ^  of  one  of  the  most 

mercury  were  already  being  produced  the oalvLid  den^^f'  Allh(.3ugh  goId’  sl,ver'  and 
United  States  in  1860  was  the  Mowry  le’ad-silver  mine  in  Arizona  Pr°dl,C',0n  ",e  Wes,ero 

of  wcre  ?,  d—d »- 1877 «»<*, 

3  aHt  ^cokvery,ethe'utifeaU;nanodf 

<hanFZ-Jhfrdstof'8tot;i  hU„Uekd  £“  regi°n  0,^rthe™  Michigan  accounted  for  more 
developed  the  I  q,  States  copper  pioduction.  As  mines  in  the  West  were 

^^fM^11.SU&,^0Dn^re  °f  Pr°dUCii0n  fe"  about  ,880 

production  had  dropped  to  less  than  a  f  c<’ppcr  Producers.  By  1000  Lake  Superior 
become  the  largest ^  domest  „  1!  f°T  the  t0tal’  whlle  Butte’  Montana,  had 

accounted  for  almost  90  percent  of  total?  lc  hgan,  Arizona,  and  Montana  combined 

the  Western  States  onrinued ^  owever  anTb?  ZZ'T  W""' in  production  toward 
fallen  to  one-sixth  and  districts^  Ariznn  \  .  the ,Vake  SuPerior  lion's  share  had 

accounted  for  two-thirds  of  all  domestic  '  n’  >  °n  a,na’  fs,evacJa1  and  New  Mexico 

copper  producer  since  1910  'ind  hn«  production.  Arizona  has  been  the  leading 

copper  mines  are  being  pu  Z prod S'^d w M  ,“d;.Sewral  ^ 

sulfide  deposits  at  depth  Exploit  trion  oV^snrh?'1"  known  in,"ally  ,urned  lo  lead  and  zinc 
in  1 005,  a,  Bingham,  ^ii^^rlt ' ^5^“  "fT  ^  ^  U“b’ 

the  West. '^Although  producrion'^ ?•*’  had  ,to  await  thc  8rowtl'  of  industrial  markets  in 
1002,  no  important  production  took  place0 elsewhere  /n  °t I "‘wes t^u n til* 't hL  ” 9 ^T°m h"8  *"  ' 

California,  litiri^XS^SS?  P?  CJ'°n  Was  n?‘  resllmcd  '>»*"  >951.  In 
San  Bernardino  County.  ’  len  Ka,ser  Steel  started  its  operations  in 

n...*  o,TO, «,  M  » » *— »  - 

Tl«.e  notable  ptodtte .  United  S»K““be  Riddle 
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Oregon,  deposit  came  to  production  in  1 954.  Since  then,  that  deposit  has  been  virtually  the 
sole  domestic  source  of  nickel,  3 

To  provide  raw  materials  for  the  Manhattan  Project  of  World  War  II,  major  United 

LrlvS  iU<Kn'Um  produc‘,on  came  from  the  Uravan  d«trict  of  Southwestern  Colorado.  In  the 
early  1950  s  major  deposits  were  discovered  near  Grants,  New  Mexico,  and  principal 

production  Sh'fted  to  there.  Since  1964,  important  discoveries  in  Wyoming  may  forecasta 

hollT'  P:°dVCtl0n  *°  ‘,here  by  1985'  The  Colorado  Plateau  area  ljas  remained  so  far 
however,  the  nation  s  principal  source  of  uranium.  ’ 

The  area  of  phosphate  rock  deposits,  in  Idaho,  Montana,  Utah,  and  Wyoming  is 

hn?  Tr  d  m^'  Production  be®an  there  in  1906  and  has  continued  steadily  None 
but  local  shifts  in  production  centers  have  taken  place  or  are  anticipated. 

th»t  I*le  geolo^c  ™ake"uP  and  environment  of  mineral  deposits  are  basic  factors 
__ Ip  ®t®rmule  what  they  may  yield  in  the  course  of  time,  but  other  factors,  such 
as  the  tides  of  human  migration  and  the  provision  of  transportation  facilities  tend 
to  determine  the  time  of  their  development,  and  many  other  factors,  such  as 
prevailing  prices  and  the  improvements  in  the  arts  of  mining  and  metallurgy 
determine  the  parts  that  are  removed  from  time  to  time.”1 42  y’ 

^rineral  ^well^All"^  and  the  baSe  me,als  but  for  every  other  industrial 

the  WeLern  Un, te  states  haTC  8°Ver"ed  *he  develoPment  of  mineral  resources  in 
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CHAPTER  5 


THE  PROBLEMS  OF  MINERAL 
RESERVE  ESTIMATION 


Have  estimates  been  made  of  the  mineral  reserves  of  the  United  States  since 
1947?  Have  these  estimates  been  substantiated  by  subsequent  production  figures? 

A.  CONCEPTS  OF  MINERAL  RESERVES 
1.  Concepts  of  Mineral  Deposits 

As  a  result  of  special  (and  often  unique)  combinations  of  geological  environments  and 
geological  processes,  certain  localized  portions  of  the  earth’s  crust  have  been  enriched  in  one 
way  or  another  in  certain  mineral  components.  When  such  a  localized  zone  of  enrichment 
contains  minerals  which  can  be  treated  to  extract  a  valuable  product,  and  if  that  zone  of 
enrichment  is  of  such  a  shape,  size,  position,  and  continuity  of  composition  to  permit  the 
removal  of  the  enriched  rock  from  the  earth  in  appropriate  amounts  for  such  treatment  at  a 
cost  of  removal  and  treatment  that  will  be  less  than  the  saleable  value  of  the  product,  then 
that  zone  is  said  to  be  an  orebody  or  valuable  mineral  deposit. 

Every  such  zone  of  enrichment  will  have  boundaries  beyond  which  the  particular 
mineral  or  minerals  involved  do  not  exist  in  quantities  sufficient  to  make  extraction 
economically  feasible.  Some  of  these  boundaries  will  be  sharp  and  distinct  while  others  will 
be  broad  and  vague.  None  will  be  permanent.  The  size  of  any  given  ore  deposit  at  any  one 
time  is  governed  by  the  position  of  its  boundaries.  The  value  of  the  ore  deposit  will  be 
determined  by  its  mineral  content,  the  market  value  of  the  product  to  be  derived  from  it, 
and  the  costs  required  to  remove  the  mineral  from  the  earth  and  prepare  and  sell  that 
saleable  product. 

If  an  idealized  ore  deposit  or  ore  district  were  to  be  examined,  it  would  be  found  that  a 
plot  of  value  vs.  tonnage  would  in  most  instances  be  represented  by  an  exponential  curve 
(see  Figure  62)  and  generally  contain  very  limited  tonnage  with  high  values  and  increasing 
tonnages  with  lower  values  until  an  almost  infinite  tonnage  is  present  as  average  crustal 
concentrations  are  approached.  Value  distribution  within  such  a  mineralized  body  would 
probably  vary  as  well,  and  might  be  confined,  locally  enriched,  or  dispersed.  Thus,  the 
tonnage/value  curve  might  be  flat,  steep,  or  irregular. 

Ore  deposits,  from  an  operational  point  of  view,  may  be  classified  into  three  categories 
The  bonanza  or  high-grade,  selectively  mined  deposits  are  relatively  small  with  a  high  unit 
value  and  generally  yield  a  wide  margin  of  operating  profit.  Their  utilization  generally  involves 
a  low  capital  investment  and  small  ore  reserves.  They  have  often  survived  mismanagement 
and  high  overhead  because  of  the  wide  profit  margin  produced.  These  bonanza  deposits 
formed  the  basis  for  early  mining,  but  are  becoming  scarce  and  of  little  consequence  in 
today’s  total  minerals  picture,  except  in  a  few  selected  instances  such  as  in  the  early  years  of 
the  first  uranium  rush. 

Selectively  mined,  moderate-grade  deposits  are  usually  moderately-sized  ore  deposits 
that  must  be  selectively  mined  to  maintain  a  profitable  grade.  As  a  result  they  require  high 
labor  input.  These  deposits  are  gradually  disappearing  from  the  list  of  producers  because  of 
rapidly  rising  labor  unit  costs  relative  to  increases  in  mineral  prices. 

Bulk-low-grade  deposits  are  large  deposits  of  such  a  size  and  shape  that  they  lend 
themselves  to  low-cost,  bulk  mining  methods  and  ready  recovery  of  metal  values.  They  are 
operated  on  a  low  profit  margin  with  a  high  capital  investment,  but  yield  a  high  production 
rate  for  each  employee  and  normally  have  large,  established  ore  reserves.  These  deposits  are 
very  sensitive  to  cost  or  value  changes,  recovery,  mismanagement,  and  taxation. 

Dependent  upon  the  shape  and  attitude  of  the  deposit,  the  distribution  of  mineral  values 
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Fig.  62  -  An  idealized  representation  of  the  relationship  between  total  reserve  tonnage  and  valuable 
content  per  ton  of  rock  in  a  mineral  deposit.  A  cutoff  grade  at  "a"  would  give  "x"  tons  of  ore  in  reserve, 
while  a  lower  cutoff  at  "b"  would  increase  the  tonnage  of  reserves  to  Myn . 


within  the  deposit,  and  the  technical  recoverability  of  mineral  values,  an  ore  deposit  mav 

In0beonara°t™eCadeDo^Knt<?  a"0ther  Wlthfchan8,n8  economic  and  technological  conditions. 

.tyP?  deposits,  it  is  common  for  a  sharp  boundary  to  exist  between  ore  and 

7aiues  ^vanetv8o?ri  ,a  tamediate|y  adJacent  to  it  contains  essentially  no 

in  the  Tnmhoon  of,s,tuat,ons  are  >»ustrated  in  Figures  63, 64,  and  65.  Veins  and  ore  pockets 
he  Tombstone,  Arizona,  area  serve  as  an  excellent  example  of  the  bonanza-type  orebodv 

llvervaluesin  high-grade  shoots  at  Tombstone  range  from  20  to  100  ounces  per  ton  while 

rJd  vTme?'f  y  adjacent  r,OCk  *he  silver  values  are  of  the  “der  of  0.1  ounces  per  ton 
,keWISe  COmmonly  cease  abruP‘!y  as  do  (sometimes)  copper,  lead,  zinc,  and 

ore  IcoiennTthedetVelOP^e.lIt  °f  Prophyry  coPper  deposits,  only  the  blanket  of  enriched 

blanket  mn  from  one  t  c  P°S1,‘  C°U'd  profitabIy  mined.  Values  in  the  enriched 
Blanket  ran  from  one  to  1.5  percent  copper.  It  was  not  until  economic  and  technolocicil 

conditions  allowed  cut-off  limits  to  drop  below  0.7  percent  copper  that  these  deposits 

un  erwent  tremendous  expansion  as  ore  boundaries  extended  into  the  unenriched  material 

Likewise,  as  mineable  grade  was  further  reduced,  very  large  deposits  that  had  not  underootJ 

ennchmen.  were  then  able  to  be  developed.  Amon/such  are ^  8^ a  San  Manue^and 

the  Kalamazoo  deposits  in  Arizona  and  the  Grandisle  and  Granduc  deposits  in  British 

Columbia,  Canada.  In  some  instances  enrichment  has  resulted  in  bonanza-type  deposits 

V^fev  Ne  "  co)ncentrat'ons  of  silver  (e.g„  the  Mowry  Mine,  Arizona  and  Lake 

VerdJ’pN!W  Mexic°,and  c°Pl,er  (e-8-,  early  production  at  Butte,  Montana,  and  the  United 
Verde  Extension,  Arizona).  In  some  instances  the  underlying  unenriched  material  is  weM 
below  present  economic  requirements  for  ore.  Nickel,  silver,  and  copper  are  The  metals  The 

TsTbe  enrichecf  W  thK  tendency  for  ennchment>  though  sometimes  gold  deposits  will 

dlaperSed  distribution  of  mineral  values  is  characteristic  of  the  bulk-low-grade 
eposits  where  ore  boundaries  are  determined  only  through  careful  analysis  of  container! 
values  and  whose  shape  and  size  can  be  considerably  modified  by  minor  fluctuations  in  the 
cut-off  value  applied  in  determining  what  is  and  is  not  ore.  ln  the 

The  situations  assumed  in  Figures  66,  67,  68,  and  69  are  very  simple  Figure  70 

Tafue  mnatSeriaTfTsuceh  a°  J'  *  lpgh-grade^ cen,er  Siding  uniformly  outward  into  lower 
alue  material.  In  such  a  situation,  changing  costs  or  market  prices  would  shrink  or  exnand 

inetheZm  °f  ody  wltbout  appreciably  changing  the  technique  that  might  be  involved 

Ti  h  be  adapted"  to  Te  T'  ™  ^  °peratio"  -om-and8pil,ar  metlmd 

mignt  be  adapted  to  the  changmg  economic,  technologic,  and  political  situations 

Unfortunately,  these  are  idealized  situations,  and  few  ore  bodies  with  dispersed  values  are 

this  simple.  Deposits  that  are  more  representative  are  shown  in  Figures  71  and  72  These 

"8Fh4ub;esrl6e"nte70bybute,re  T^T86  diS,tribUti°n  a^  the  precetg  dep^siS 

.  3  66  to  .*  but  the  value  distribution  lacks  continuity.  Such  deposits  reciuire 

selective  mining  until  the  cut-off  value  can  be  reduced  to  some  critical  level  such  that  the 

'"“a » "*  -  *  “'*• — — 

Looking  at  the  situation  from  a  different  point  of  view,  a  bulk,  low-grade  mineral 
deposit  faced  with  rising  costs  and  taxes,  or  declining  metal  prices,  might  require  material  of 
such  a  high  grade  that  bulk  methods  could  no  longer  be  used.  Selective, 
methods  would  be  required  and  reserves  would  shrink  to  small  bonanza  pockets  or  veins" 
re  reserves  might  thus  completely  disappear  or  at  best  be  drastically  reduced. 

2.  Types  of  Ore  Reserves 

™erC  arf  many  terms  t,lat  have  been  applied  to  ore  reserves.  Basically  all  of  them  reflect 
1 —A  aJltlcipated  geologic  and  economic  conditions.  Each  type  of  terminology  is 
problem*  ‘ndlVldUa  CaS6S’  aCCOrdlng  t0  ‘he  information  available  and  the  particular  reserve 
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Fig.  63  -  An  idealized  representation  of  a  relatively  small ,  high-grade,  "bonanza"  type  mineral  deposit 
with  combined  values  amenable  to  selective  mining  methods.  As  shown  by  the  graph,  cutoff  or  economic 
grade  can  be  varied  within  a  relatively  wide  range  without  affecting  total  reserves. 
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silver  "/ode"  d^sit  wit£  confined  values.  Many  of  the  early  gold  and 

little  effect  on  total  reserve  tonnagZ  cutoff  grade,  except  to  the  extremes,  has  mfative/y 
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Fig.  65  -  An  idealized  representation  of  an  irregular,  pockety  deposit  with  confined  values.  The 
discontinuous  nature  of  ore  mineral  occurrence  results  in  higher  mining  costs  and  thus  a  higher  cutoff  grade 
and  lower  reserve  tonnage.  Any  additional  costs  imposed  on  such  a  deposit  could  make  it  a  marginal 
resource. 
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»>  'mnAsTmprotZ  "tLhnoto^andT  •<*IP0*'f  dispersed  6</t 
underlying,  lomr^rade  rock,  the  nserye  tonnegeTs  incree^^ZZly.^  Pr°fitab'e  °f 
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iowergrade  material.  Z^ZZSesurfZTs'ZuasTZZ'Zt3  Cicada  center  grading  outward  into 
coats  of  mining  such  a  deposit  relatiZylTj  i  ra/uM  muld  ™k°  «” 

comparatively  high  reserve  tonnage.  *  '  ™  bV  lomrinl>  *>»  cutoff  grade  and  yielding  a 
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loner  grade  materS! AWiZ^iZitarto' 'the  denZll  deposit  3  high'grade  center  grading  our 

of  this  deposit  et  depth  would  increase  minina  ZLZ  the Precedin9  illustration,  thep 

°  "  ~  —  *»ugh  the  two  Zepos^Z'Z^ZdeZtZ  " 
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An  ,deallzed  representation  of  a  disseminated  mineral  deposit  with  a  Iona  vertical  dimension 
end  a  hyh*  grade  core  with  diminishing  values  dispersed  away  from  the  com  sZ^iationT^  Z 
economic  grade  could  ham  relatively  targe  effects  on  the  total  reserve  tonnage^particuiarfy 
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Fig.  70  -  An  idealized  representation  of  a  disseminated  mineral  deposit  with  greater  horizontal 
dimensions,  i.e.,  in  a  bedded  form.  Minor  changes  in  cutoff  grade  could  have  relatively  large  effects  on  the 
total  reserve  tonnage. 
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Fig.  72  -  An  idealized  representation  of  a  disseminated  mineral  deposit  with  low-grade  values  that  have 
been  localized  along  relatively  narrow,  vertical  vein  structures.  With  a  low  cutoff  grade,  the  entire  mass 
would  become  part  of  the  ore  reserve,  but  an  increase  in  the  necessary  cutoff  grade  would  make  only  the 
veins  mineable  and  would  severely  diminish  the  total  reserve  tonnage.  Many  existing  metallic  mineral 
deposits  are  of  this  type.  Many  industrial  minerals  deposits  are  similar  except  that  die  localized  high-grade 
areas  have  a  horizontal  rather  than  vertical  attitude. 
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Earliest  methods  of  classifying  and  defining  different  types  of  ore  reserves  were  haceH 
ssentially  on  geologic  or  other  physical  criteria  rather  than  economic  Perhaps  it  would  he 

r;%“e^eyd‘ andge0lr  ^  si<*ered 

were  considered  fixed,  and  early  ore  reserve  estimates  were  thus  applicable  onlv  for  a 
point  m  time.  Of  all  the  early  systems  of  ore  reserve  classification  the  oldest  and  neS 
most  widely-used  was  composed  of  three  categories.  These  were  devised  esintiallv  f^ 
underground  vein  mines.  As  outlined  by  one  prominent  geologist,  they  were:  V 

Positive  Ore  or  Ore  Blocked  Out.  Ore  exposed  and  sampled  on  four  sides. 

Probable  Ore.  Ore  exposed  and  sampled  either  on  two  or  on  three  sides. 

°nly  °"e  Side’  “S  °'her  di~  being  a 

Proved  Ore.  Ore  where  there  is  practically  no  risk  of  failure  of  continuity. 

assurnpficm  ofcon2iuity^ere  ‘here  “  S°me  y6‘  3  warrantable  justification  for 

n °Te •  °re  Which  cannot  be  included  as  “Proved”  or  “Probable  ” 
nor  definitely  known  nor  stated  in  any  terms  of  tonnage.144  ’ 

Measured,  indicated.  ^  BUre3U  the 

Measured  ore  is  ore  for  which  tonnage  is  computed  from  dimensions  revealed 
m  outcrops  trenches,  workings,  and  drill  holes,  and  foT  which  the  erade  ^ 
computed  from  the  results  of  detailed  samphiig.  The  shes  for  insne^f 

defined^soweirthaTfim  s?ze  7  $°  "d^  SP3Ced  a"d  *he  ge0l°gic  character  is 
,  that  the  size,  shape,  and  mineral  content  are  well  establishpH  tHp 

computed  tonnage  and  grade  are  judged  (Q  be  accurate  wlt^n  Um  ,s  which  am 

bymtl^C  c™nf  ^ jUdged  ‘°  ^  ‘«d  ^ 

“Indicated  ore  is  ore  for  which  tonnage  and  grade  are  computed  nartlv  fmm 
specific  measurements,  samples,  or  production  data,  and  partly  from  projection 
a  reasonable  distance  on  geologic  evidence.  The  sites  available  for  inspection 

ssrsiarSHH' '££& 


156 


In  essence,  the  various  terms  mentioned  are  used  to  describe  the  degree  of 
assurance  with  which  ore  reserves  may  be  stated.  The  most  common  terms  may  be 
summarized  in  probability  or  degree  of  assurance  terms  as  follows: 


Degree  of  Assurance 
(in  percent) 


10-50 


50-80 


80-99 


Possible 

or 

Inferred 


or 

Indicated 


Probable 


Proven 

or 

Measured 


It  should  be  noted  that  there  is  no  100  percent  assurance  of  the  existence  of  ore.  As  one 
authority  has  noted, 

Paradoxically  enough,  no  one  can  be  sure  how  much  ore  there  is  in  a  mine 
until  it  has  been  mined  out;  therefore,  at  best,  ore  reserve  figures  are  estimates 
rather  than  certainties.1  46 

Because  the  size  of  the  ore  reserves  in  a  mineral  deposit  is  dependent  upon  future 
conditions  and  events  as  well  as  upon  existing  but  unknown  conditions,  the  use  of 
mathematical  probability  terms  (whether  referred  to  as  likelihood  or  degree  of  assurance) 
becomes  suspect  and  could  be  misleading.  As  a  consequence,  perhaps  the  use  of  McKinstry’s 
and  McLaughlin’s  suggested  classifications  and  terminology  is  more  appropriate.  They  have 
suggested  three  categories  based  on  capacity  for  measurement. 

Some  orebodies  can  be  well-defined  almost  from  the  start,  but  in  many  deposits  the 
limits  of  ore  are  rarely  known  until  all  ore  has  been  extracted.  McKinstry,  quoting 
McLaughlin,1 4  7  sets  up  three  classes: 

L  Plenemensurate  orebodies  —  those  capable  of  being  fully  measured  and 
sampled  at  an  early  stage  in  the  operations. 

II.  Partimensurate  orebodies  —  those  in  which  prospects  for  ore  in  addition  to 
proved  reserves  remain  a  substantial  element  until  the  later  stages  of  the  life  of  the 
mines  based  on  them. 

III.  Extramensurate  orebodies  —  those  difficult  to  explore  and  measure  much 
in  advance  of  mining,  in  which  the  value  of  prospects  for  ore  based  on  geologic 
evidence  exceeds  the  value  of  proved  reserves  throughout  most  of  the  life  of 
mines  supported  by  them. 

Other  terms  are  also  used  with  respect  to  the  material  found  within  a  mineral  deposit.  It 
is  common  practice  to  classify  ore  reserves  by  grade  (i.e.,  by  percentage  of  product  content) 
and  to  maintain  maps  showing  the  location  and  extent  of  reserves  of  different  grades.  Three 
other  major  classifications  are  often  used,  with  subdivisions  by  average  grade  in  each  class. 
The  first  is  ore  and  includes  only  rock  which  is  ore-grade  except  under  sudden  and  severe 
adverse  conditions  (significant  price  drops  or  cost  increases).  The  second  includes  marginal 
rock  (or  ore)  which  is  barely  ore-grade  or  becomes  ore-grade  under  occasionally  more 
favorable  conditions.  The  third  is  low-grade  or  protore,  which  is  too  low  in  value  content  to 
be  mined  without  a  sharp  increase  in  the  price/cost  ratio.  Major  technological  advances  or 
very  large  price  increases  are  usually  necessary  to  change  protore  to  ore. 
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At  operating  mines  it  is  also  common  to  classify  the  mineral  mined  as  either  ore  or 
waste,  the  former  being  of  sufficient  value  content  to  permit  economic  extraction  of  that 
content  while  the  latter  contams  an  insufficient  value  content.  At  some  properties  and  for 
commodities,  several  categories  of  ore  are  used  depending  upon  the  extractive  process 
used.  This  is  common  in  the  utilization  of  phosphate  minerals  where  several  grades  of  rock 

T  may  ,be  ,m,ned  fr°m  a  given  deP“".  each  grade  destined  for  a 
ditlerent  use  The  same  is  also  true  at  many  large  copper  deposits  where  ore  destined  for 

normal  beneficiation  and  smelting  is  segregated  from  rock  from  which  the  copper  is  to  be 

nhlTv  ^  I  eachln.8'  The  cnteria  used  in  making  these  classifications  change  with  both 
physical  and  economic  conditions. 

In  the  more  than  two  decades  since  the  end  of  World  War  II,  another  term  with  respect 

anrlTT  reserves  haS  Cre,pt  int°  the  literature-  This  is  the  term,  resources,  used  in  a  specific 

mineralizedTocT  of  "too  tn  SOme*‘mfS  USed’  Potential  reserves  or  mineral  resources  include 
mineralized  rock  of  too  low  grade  to  become  ore  at  current  prices  and  potential  reserves 

w  ose  emstence  may  simply  be  postulated  in  areas  of  known  mineralization,  but  for  which 
there  is  no  direct  evidence  of  their  existence.  Past  estimates  of  United  States  reserves  of 
various  mineral  commodities  have,  for  the  most  part,  included  all  categories  of  reserves  and 
m  some  cases,  have  also  included  this  concept  of  resources  ’ 

The  term  resource  implies,  in  the  generic  sense,  something  that  is  available  and  can  be 

mh„l  t  USe  W'  !"  3  reasonable  Period  of  tune.  However,  the  term  as  used  in  various 
tabulations  and  discussions  of  the  nation’s  mineral  wealth  has  referred  to  potential  reserves 

wh  rh  r  n0t  |°M  now.  but  whlch  may  become  so  at  some  date  in  the  distant  future  or 
been  ap^r^tem^o^  ^h“  =  ^  b^ Xh ‘haTe  1 1 fe° 

utdizationln  **  “ 

The  various  classifications  of  ore  reserves  have  all  been  based  for  the  most  part  on  the 
x  ent  ot  man  s  knowledge  about  those  reserves.  The  extent  of  his  ability  to  take  action 
with  respect  to  his  knowledge  should  also  be  considered.  Thus,  all  mineral  commodity 

be'  varie^accordin^  to  dem^d^  Categ0rieS:  resPonsi ve  reserves,  whose  production  can 

are  more  nr  iP g  a  d  !Jd’  and  n°”-responswe  reserves,  from  which  production  rates 
e  more  or  less  fixed  or  are  dependent  upon  variables  other  than  specific  demand  for  the 

commochty  involved.  By-product  and  co-product  reserves,  which  are  usually  included  in  the 

utilhati1116™  ?Serv^S  1,sted  by  various  sources,  are  normally  non-responsive  reserves  Their 
utilization  is  dependent  upon  demand  for  other  minerals  with  which  they  are  associated 

or  example,  the  production  of  by-product  silver  from  copper  ore  normally  varies  with  the 

demand  for  copper,  not  for  silver.  The  silver  content  of  known  coppeT^^u^^ 
non-responsive  reserve  of  silver.  reserves  rnus  lorm  a 

nrnHAPf r0X,mrteIy  one'third  of  8old,  molybdenum,  and  tungsten  and  two-thirds  of  silver 

bv  orodlTct  \Sf  f7°m  °reS  m  Th-Ch  th6Se  mCtaIS  3re  by-Products.  Lead  may  be  a  co-product  or 
thpP  t  f  Z1?Cu^re’  3nd  vice-versa’  depending  on  the  particular  mineral  deposit  Most  of 
the  nation  s  molybdenum,  lead,  and  zinc  reserves  are  contained  in  deposits  which^  ° 

responsive  to  demand,  however,  despite  their  partial  production  as  by-products  On  the 

asgasasasKssa 
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States  gold  production  amounted  to  about  $33  million.  By  1900  it  had  risen  to  about  $79 
million.  In  reviewing  the  predictions  of  Suess  and  Del  Mar,  Lindgren  pointed  out  two 
principal  errors  in  their  thinking: 

In  the  first  place  the  lands  of  the  world  were  deemed  to  be  so  well  prospected 
that  no  further  discoveries  were  probable,  and  the  second  error  lies  in  the  failure 
to  anticipate  the  possibliity  of  new  processes  for  gold  retraction  and  the 
utilization  of  vast  reserves  of  low-grade  ore  bodies. 

More  recent  estimates  have  been  guilty  of  similar  assumptions. 
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Fig.  73  -  The  Berkeley  Pit  at  Butte,  Montana,  where  modern,  large-scale,  low-unit-cost  mining  methods 
have  permitted  the  utilization  of  large  volumes  of  low-grade  copper  ore  associated  with  veins  of  high-grade. 
Originally,  only  the  veins,  with  their  relatively  high  copper  content  were  considered  to  be  ore. 
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B.  INDIVIDUAL  PROPERTY  ESTIMATES 
1.  Metalliferous  Properties 

rnm^anI°f  [he  factors  contributing  to  inaccuracies  in  total  reserve  estimates  mineral 
mmodihes  have  been  pointed  out.  Estimates  vary  at  individual  properties  for  similar 

^  priceaineaTt  rh  3’  distribution  of  ore>  mine  and  cave-ins,  and  variations 

in  price  all  lead  to  changes  in  ore  reserve  estimates. 

nmv^ri  Blsb®®>  A1120113-  f°r  example,  reserve  estimates  for  specific  Copper  orebodies  have 
ft*  too  the  avera®e’ t0  be  reasonab|y  cl°se  to  the  amount  of  ore  subsequently  extracted 
v  n  !>  PeT’  b0wever’  t0  ful|y  delineate  individual  orebodies,  and  esUmates  are  made 
by  projection  based  on  geologic  information,  drill  hole  interests  7nH  ev^? 

molectedT*1  r°rklngS'  AS  Sh°Wn  by  subse<luent  "lining,  the  ore  pinches  out  short  of  its 

Materials)  south  of  Tucson, S ^^ona^  outtae^a^o'ppM-lKid-zinc^rebod'y  that^appea^d^ 

tegan^ining3  After  constderrbl°^evd^ment°work<hadlbeenndone  7  '  t*  *7  7 

the  mine  to  be  closed  down  in  1 968.  reserves  were  non-existent,  causing 

coarse  jSSTSS  a^uf  7^17^ "7^77  "“T*  ^ 

low  or  too  h,„h  u  by  l"8'  and  reserve  «t«"ates  were  frequently  proven  to  be  too 

reserves  “destroyed”  by  high  coftl  The  i  °rebt°d^  in  Nevada  18  mother  example  of  lost  ore 
better  example  of  the  changes  that  J^ocTZinZT  ?fMinnesota™  P^aps  an  even 
result  of  changing  economic  and  technological  conditions113  Pr°Perty  mineral  reserves  as  the 

2.  Industrial  Minerals  Properties 
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A.  PRE-DEVELOPMENT  ORE  ESTIMATE  FROM  DRILL  DATA  (SCHEMATIC) 


B.  ACTUAL  DISTRIBUTION  OF  ORE  AS  SHOWN  BY  UNDERGROUND  DEVELOPMENT 
(SCHEMATIC) 


•  DRILL  HOLE  IN  ORE 
O  DRILL  HOLE  IN  WASTE 


Fig.  74  -  Plan  view  of  a  vein  containing  relatively  small  pockets  or  "shoots"  of  high-grade  ore  m  s 
matrix  of  relatively  low-grade  material.  The  attitude,  shape,  and  depth  of  the  deposit  require  a  high  cutoff 
grade,  making  the  intervening  material  waste  rather  than  ore.  Inaccurate  interpretation  of  data  from  d>» 
holes  in  this  deposit  made  the  high  grade  appear  continuous  rather  than  erratic. 
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DISTRIBUTION  OF  PRECIOUS  METAL  AND  MERCURY  ORE  VALUES  IN  VEINS 


3\ 

to 


ORE  MINED-,  HIGH  GRADE  STREAKS 
SUFFICIENTLY  ABUNDANT  TO  MAKE 
WHOLE  BLOCK  AVERAGE  OUT  AS  ORE 


WASTE-,  ORE  ESTIMATE  DISPROVENAS 
STREAKS  SEPARATED  8Y  TOO  MUCH 
WASTE 


•  DRILL  HOLE  IN  ORE 

o  drill  hole  in  waste 


MMduJln  0'mercu'V-bearing  mineral  deposits  in  West  Texes.  Although 

amounts  of  loem-jjkt* *  tufrKientgnde  to  be  considered  ore.  excessive 
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composition,  and  physical  characteristics  such  as  grain  size,  angularity,  cleavage,  hardness, 
and  color.  The  original  distribution,  thickness,  continuity,  and  chemical  and  physical 
qualities  of  industrial  minerals  deposits  have  in  many  (if  not  most)  instances  been  changed 
by  later  geologic  events.  The  characteristics  of  these  deposits,  both  original  and  modified, 
are  non-uniform.  The  mere  existence  of  a  deposit  (limestone,  gypsum,  potash,  perlite,  etc.) 
over  a  large  area  does  not  guarantee  that  the  deposit  is  everywhere  of  sufficient  size,  grade, 
and  accessibility  to  be  considered  “ore.”  Correspondingly,  since  only  portions  of  the  total 
deposit  may  be^  of  economic  value,  it  is  incorrect  and  illogical  to  label  any  such  deposit  a 
common  rock  ’  simply  because  of  the  widespread  occurrence  of  the  host  rock.  There  really 
is  no  such  thing  as  a  “common”  rock.  Virtually  all  specific  mineral  deposits  and  their  host 
rock  formations  differ  in  one  form  or  another. 

As  an  example,  reserves  of  chemical  grade  limestone  were  developed  by  the  Sunrise 
Mining  Company  in  1959-1960,  southeast  of  Tucson,  Arizona,  in  the  Empire  Mountains. 
Large  areas  of  this  particular  limestone  are  almost  pure  calcium  carbonate.  Drilling  and 
surface  sampling  of  the  deposit  confirmed  its  generally  high  quality.  Nevertheless,  iron, 
magnesium,  and  other  impurities  also  occur  in  variable  amounts  throughout  this  particular 
limestone  deposit.  The  iron  and  manganese  oxides  and  silica  tend  to  be  concentrated 
adjacent  to  zones  of  fracturing  and  faulting,  the  locations  and  extent  of  which  are  not 
predictable  from  surface  exposures.  The  various  impurities  are  not  confined  to  distinct  beds 
or  zones  which  could  be  readily  outlined. 

Estimated  reserves  for  this  limestone  deposit  are  in  excess  of  40  million  tons.  It  was 
concluded,  however,  that  limestone  reserves  of  specific  calcium  carbonate  grades  requiring 
close  tolerances  could  not  be  defined  far  enough  in  advance  of  mining  because  of  the  erratic 
distribution  of  the  impurities  and  the  necessity  for  detailed  sampling  at  the  working  faces. 
Known  reserves  would  thus  probably  not  exceed  5l,000  tons  of  suitable  limestone  at  any  one 
time  and  the  total  potential  reserve  would  be  unknown. 

A  gypsum  deposit  located  a  few  miles  west  of  the  limestone  deposit  described  above  was 
also  explored  by  Sunrise  Mining  Company  during  the  same  period.  Limited  surface  outcrops 
indicated  a  continuous  band  of  gypsum  extending  along  the  side  of  a  mountain  for  several 
thousand  feet.  Subsequent  drilling  and  bulldozer  cuts  spaced  at  suitable  intervals  showed 
that  the  gypsum  lay  in  a  series  of  thin,  discontinuous,  lenticular  bands  which  had  been 
extensively  dislocated  by  faults.  Furthermore,  part  of  the  gypsum  had  been  converted  to 

anhydrite  (essentially,  gypsum  which  has  lost  its  water  content),  which  is  of  much  less  value 
and  utility  than  gypsum. 

Preliminary  ore  reserve  estimates  based  on  surface  exposures  were  reduced  following  this 
more  detailed  exploration  work,  as  the  continuity  and  quality  of  the  deposit  was  shown  to 
be  less  than  initially  anticipated.  Reasonable  projections  based  on  the  new  information 
indicated  “probable”  reserves  in  excess  of  one  million  tons  and  “possible”  reserves  of  two 
million  tons  or  more.  The  nonuniform  distribution  of  the  gypsum  lenses  and  uncertainty  as 
to  the  extent  of  anhydrite  replacement,  however,  precluded  accurate  estimates  of  grade  and 
tonnage  until  additional  closely-spaced  drilling  and  sampling  could  be  done.  Once  mining 
were  initiated  it  was  estimated  that  possibly  as  much  as  five  to  ten  thousand  tons  of 
assured  reserves  of  a  specific  grade  could  be  maintained  through  sampling  of  the  working 
faces  and  correlation  with  drill  hole  data. 

The  anticipated  high  cost  of  detailed  reserve  estimation  and  the  reduction  in  reserves 
from  preliminary  estimates  prompted  additional  exploration  in  not-too-distant  areas.  This 
additional  exploration  was  successful  in  locating  new  gypsum  deposits  containing  larger 
reserves  of  greater  continuity.  Thus,  the  original  deposit  remains  only  a  potential  reserve, 
while  other,  better-known  reserves  were  acquired.  Faick1 5 1  has  described  some  of  the 
problems  in  quality  determination  of  pozzolanic  materials  which  are  natural  or  artificial 
materials  added  to  mortar  or  concrete  to  produce  a  product  of  specific  characteristics, 
usually  at  a  lower  cost  than  otherwise  possible.152  Siliceous  sediments,  volcanic  tuff  and 
pumice  are  common  sources  of  pozzolans,  and  these  are  of  wide  occurrence  in  California. 
Pozzolanic  materials  must,  however,  be  free  of  or  very  low  in  chemical  components  which 
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depostts'of  economic  ^value  are  limited  £'^^‘^!a,,iC|"a*e,“  in  Ca"f°r™’ 
vaTuePZ  tel“dasd  ithmUSt  be  tested  by  actua‘  use  ‘"Concrete  moria^T before  its' 

pozzolanic  material  In  any  one  denosit  inf  ^  which  determines  its  usefulness  as  a 

sar-sara 

. i-ISISSt,’"'  oiM„u,  „ 

mined  by  open-pit  methods  ai  the  „*!„?,  ‘hlckness'  so  that  it  cannot  be  profitably 
small  area  of  the  total  denosit  tha  f"  t,me  ufreSent  minin8  activity  is  restricted  to  a 

high-expansion  perlite.  Total  perlite  reservesTntoe  Si  l°  °pe,’‘p,t  minmg  which  contains 
exceed  a  hundred  million  tons  Total  known  hi  Upenor’  Anzona,  area  are  estimated  to 

and  are  subject  to  chanEedepending  on  local  vanattoLtoTualhy  o'f  t"  «  ^  ^ 

are  suitab  /  locft'ed"  toreemem  SST*  °f  CaHf°rnia>  Particularly  in  those  that 
deposits  are  localized 

content  0f  the  limestone  in  a  given  deposit  is  usual  y  quite  variaWe  1?“™  °X,dr 
magnesium  impurities  is  thus  urmr^ri^toKio  ^  y  4  variaDie.  I  he  presence  of 

production.  The  capricious  ocLZce  of  rn^nt"  ne“T‘ates  close  ^™phng  ahead  of 
problems  at  San  Andreas  and  at  Reddinv  in  M  ,i!Um  n  f  *tmest°ne  has  caused  particular 
reduction  in  previouX  estimated  ore  ~  8  'hem  C?llfornia'  At  San  Andreas,  a  sizeable 
magnesium  oxT  *  °"  reS6rVeS  W3S  CaUSed  by  the  “regular  presence  of  excess 

phys°'aTZreslcrmfinera,tZosU:\°otoreSe7^  ^  beCause  of  «*  variable 

must  be  added  the  ch^  gel  cau^d  bv  the'  hZ  ,  Z  n,°n-metallic'  are  le«,on-  To  these 
and  by  changing  economic  conditions  All  of  fhf"18  ec,  n0  ogy  of  extraction  and  utilization 
of  the  total  reserves  mTZZlar  mineral  denZ  ?!'  *°  make  tlle  accurate  estimation 

are  expanded  to  a  regional  or  national  scale,  then  Zt^tiLTorZurecy  b'ecomfs  etnTs" 
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C.  NATIONAL  MINERAL  RESERVE  ESTIMATES 

1 .  Base  Metals  Reserve  Estimates 

\ 

Since  the  years  immediately  following  the  end  of  World  War  II,  a  number  of  estimates 
have  been  made  and  published  for  reserves  of  various  mineral  commodities  in  the  United 
States.  These  estimates  have  used  various  concepts  of  mineral  reserves,  but  virtually  all  have 
included  inferred  or  possible  ore  as  well  as  those  more  accurately  determined  amounts. 

One  of  the  earliest  of  these  studies  to  estimate  the  nation’s  mineral  reserves  was  the 
so-called  Paley  Report  published  in  1952.  This  report,  which  has  come  to  bear  the  name  of 
the  chairman  of  the  group  responsible  for  it,  was  actually  the  report  of  the  President’s 
Materials  Policy  Commission,  titled  Resources  for  Freedom.  The  second  volume  of  the 
Commission  s  report,  titled  The  Outlook  for  Key  Commodities ,  is  actually  the  critical 
volume  which  contains  the  principal  mineral  reserve  estimates.  Although  among  the  earliest 
of  the  postwar  national  minerals  reserve  estimates,  the  Paley  Report  is  probably  still  the  best 
known  and  has  had  considerable  impact  upon  federal  minerals  policy  ever  since  its 
publication  in  the  early  1950’s.  , 

The  Paley  Report  did  not  attempt  to  make  estimates  for  all  minerals,  but  was  concerned 
primarily  with  base  metals  and  other  commodities  critical  to  the  nation’s  defense.  Dated  as 
of  1950,  the  Paley  Report  estimated  the  nation’s  reserves  of  iron  ore  at  79  billion  long  tons 
containing  25  percent  or  more  iron,  but  only  four  billion  long  tons  containing  35  percent  or 
more  iron.  Although  these  reserve  estimates  were  made  in  1950,  from  1951  to  1967, 
production  of  iron  in  the  United  States  has  totaled  more  than  two  billion  long  tons, 
virtually  all  of  it  higher  in  grade  than  35  percent  iron. 

Table  1  1  lists  several  other  domestic  iron  ore  reserve  estimates  that  have  been  made 
since  the  Paley  Report.  The  type  of  reserves  ( measured ,  indicated,  inferred,  potential )  and 
grade  were  not  given  in  each  case,  preventing  direct  comparison  between  all  of  the  estimates. 
The  variations  in  the  A lineral  Facts  and  Problems,  Paley,  and  Carr  estimates  of  domestic  iron 
ore  of  plus  22-25  percent  iron  content  reflect  individual  assumptions,  which  were  at  least 
partly  subjective,  as  to  how  much  ore  can  be  inferred  from  available  data.  Actual  production 
during  the  1950-1955  period  was  insufficient  to  account  for  the  variations  in  these 
estimates.  The  1967  and  1968  reserves  listed  by  the  Commodity  Data  Summaries  is 
apparently  only  measured  plus  indicated  and  as  such  would  imply  a  substantial  transfer  of 
reserves  from  the  inferred  class  to  the  measured  and  indicated  categories  since  1950. 
Furthermore,  new  orebodies  have  been  found  since  in  both  the  Western  and  Eastern  United 
States,  and  reserves  have  been  added  to  by  continued  development  in  existing  mining 
districts. 

Prior  to  1964,  Minnesota,  the  nation’s  major  (59  percent  of  domestic  useable  iron  ore 
production  in  1965)  iron  producing  state,  maintained  taxes  upon  iron  mines  which  became 
increasingly  burdensome,  causing  many  higher  cost  mines  to  shut  down.  The  state  has  since 
modified  its  tax  policies  and  some  mines  have  been  brought  back  into  production,  and 
several  new  properties  opened.  The  sharp  increase  in  the  Commodity  Data  Summaries’  ore 
estimates  from  4.0  to  5.5  billion  long  tons  to  15  billion  long  tons  in  1968  may  be  partly  due 
to  a  change  in  Minnesota’s  mining  taxation  policies,  permitting  more  extensive  development 
of  measured  and  indicated  ores. 

The  production  of  iron  ore  from  1951  through  1966  in  the  United  States  amounted  to  a 
little  more  than  two  billion  long  tons  (of  which  1.41  billion  long  tons  were  useable,  having 
less  than  Five  percent  manganese  content),  and  was  more  than  compensated  for  by  the 
discovery  and  development  of  new  reserves.  In  recent  years,  approximately  one-third  of  the 
iron  ore  consumed  in  the  United  States  has  been  imported,1  **  and  from  20  to  30  percent 
of  total  iron  consumption  has  been  supplied  by  scrap.  Canada  provided  55  percent  of  the 
nation’s  iron  ore  imports  in  1962-1965.  Increasing  exhaustion  of  domestic  high-grade  iron 
ore  reserves,  however,  has  caused  a  shift  in  the  production  of  low-grade  taconite  ores  which 
are  beneficiated  to  higher-grade  pelletized  material  before  going  to  the  iron  and  steel 
lurnaces.  The  use  of  taconites  has  thus  increased  total  reserves. 
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Table  1 1 


Date 


K™‘TK  °F  ““  «*««.  «  ™  USm*  STATES 


Source 


1950 

(MF&P) 

10.694 

1950 

(MF&P) 

67.0 

1950 

(Paley) 

79.0 

1950 

(Pa  ley) 

4.0 

1955 

(Carr) 

70.2 

1955 

(Carr) 

5.5 

1962 

(Min.  Res.) 

5.5 

1967 

(CDS) 

15.0 

1968 

(CDS) 

15.0 

Ore  Reserves 
On  billions  of  long  tons) 

S  JSS,"  “» »>"«> 


(25  percent  or  better 
(35  percent  or  better 


Ir°n  content  in  total  reserves) 
iron  content) 


(22  percent  or  better 
(36  percent  or  better 


iron  content  in  total  reserves) 
iron  content) 


(25  to  60  percent 


iron  content) 


Sources:  MF&P  -  Miners,  Facts  and  Problems  US  r 

p^S  ~-<n°mmodlty  Da‘a  Summaries  0  cSRBureau  °f  Mines 
Mit^Res. 

arr " ,ron  ,n  the  United  S,ates"  Survey 
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Production  and  consumption  of  iron  ore  have  varied  widely  from  year  to  year.  While 
consumption  has  generally  risen,  production  trended  downward  until  1959.  Since  then, 
however,  the  trend  of  domestic  production  has  been  increasing.  Projected  1985 
consumption  of  iron  ore  ranges  from  117  to  143  million  long  tons,  and  production  ranges 
from  100  to  130  million  long  tons.  According  to  the  1968  Commodity  Data  Summaries 
reserve  estimate  of  1 5  billion  long  tons  of  iron  ore,  present  reserves  are  sufficient  to  supply  a 
constant  annual  consumption  rate  of  1 50  million  long  tons  for  1 00  years.  Competition  from 
foreign  sources  will,  however,  probably  hold  down  domestic  iron  ore  production  to  a  lower 
figure  than  that  required  to  satisfy  a  total  demand  that  will  undoubtedly  increase. 

As  of  1950,  the  President’s  Materials  Policy  Commission  estimated  that  the  nation  had 
approximately  25  million  short  tons  of  copper  in  ore,  including  measured,  indicated,  and 
inferred  reserves  at  an  average  grade  of  0.9  percent  copper.  By  1967,  the  nation’s  copper 
mines  had  produced  more  than  17  million  tons  of  copper  and  still  had,  according  to  the 
Commodity  Data  Summaries,  published  by  the  United  States  Bureau  of  Mines  in  1967, 
more  than  85  million  tons  of  copper  in  ore  averaging  0.8  of  one  percent  copper.  Although 
production  in  the  period  from  1961  to  1967  totaled  nearly  three-quarters  of  the  25  million 
ton  reserve  estimated  in  1950,  reserves  had  actually  grown  by  more  than  three  times  as 
much  as  the  1950  estimates. 

Several  copper  metal  reserve  estimates  are  listed  in  Table  12.  As  with  iron  ore  estimates, 
the  data  are  not  directly  comparable  in  all  cases.  Many  of  the  estimates  listed  were  derived 
from,  or  quotations  of,  previous  estimates.  The  Mining  World  1958  estimate  apparently 
includes  substantially. .lower-grade  rock  as  ore  than  do  the  other  estimates,  inasmuch  as  the 
quoted  figures  are  much  higher.  The  Commodity  Data  Summaries’  reserve  estimates  are 
evidently  derived  from  earlier  Bureau  of  Mines  estimates  (e.g.,  the  1964  total  reserve 
estimate  of  85.59  million  tons,  published  first  in'  1967,  which  appeared  in  the  1968 
Commodity  Data  Summaries  as  85.5  million  tons).  Notwithstanding  the  inherent 
discrepancies  of  the  various  estimates,  copper  reserves  have  been  substantially  increased 
since  1951,  more  than  compensating  for  depletion  through  production. 

Price  increases  and  improvements  in  extraction  allowed  a  reduction  in  the  average  grade 
of  copper  ore  mined  from  approximately  0.9  percent  in  1950  to  0.7  percent  copper  per  ton 
in  1966.  This  reduction  in  grade  converted  increasingly  larger  tonnages  of  lower-grade  rock 
into  ore,  enabling  total  copper  reserves  to  be  increased.  At  least  16  new,  large,  disseminated 
copper  deposits  have  been  discovered  since  1950.  Eight  of  these  are  now  in  production.  The 
addition  to  reserves  from  these  new  deposits  alone  has  been  substantial,  without  including 
the  additions  to  reserves  made  by  development  at  previously  existing  operations. 

The  Paley  Report  estimated  in  1952  that  domestic  copper  consumption  would  increase 
from  1.7  million  tons  in  1950  to  2.5  million  tons  (including  scrap)  in  1 975. 1 5  5  This 
estimate  was  based  upon  prospective  demand  and  on  foreseeable  changes  in  the  use  of 
copper  for  various  products.  No  allowance  was  made,  nor  could  there  be,  for  unforeseeable 
new  uses  of  copper.  Aluminum  was  expected  to  substitute  (and  has)  increasingly  for  copper 
in  many  metal  products,  particularly  in  electrical  power  transmission  lines. 

The  view  held  by  the  Paley  Commission  was  that  mines  operating  and  being  developed 
in  1950  were  producing  (or  would  produce)  at  the  most  efficient  and  economic  scale  for  the 
ore  deposits  concerned.  Little  if  any  additions  to  capacity  were  thought  to  be  economically 
feasible  at  existing  deposits.  All  known  disseminated  deposits  made  cortimercial  by  mass 
mining  methods  were  then  thought  to  be  in  production  or  in  the  process  of  development  at 
optimum  capacity.  The  copper  industry  was  considered  to  have  already  exploited  fairly 
exhaustively  advances  in  technology  to  date.  Virtually  all  of  the  remaining  store  of  known 
occurrences  of  copper  mineralization  were  considered  to  have  been  explored  during  and 
after  World  War  II,  and  it  was  felt  that  those  that  were  commercial  had  been  or  were  being 
placed  into  production.1  5  6 

The  report  concluded  that  additional  copper  to  satisfy  projected  increases  in  demand 
would  have  to  come  largely  from  foreign  sources,  particularly  in  the  event  of  war.  Canada 
and  Mexico  could  not  supply  all  of  any  major  war’s  import  requirements.  Furthermore, 
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Table  12 


ESTIMATES  OF  COPPER  RESERVES  IN  THE  UNITED  STATES 

t 


Year 

Source 

Reserves 

(millions  of  short  tons) 

1950 

(Paley) 

25.0 

(measured,  indicated,  and  inferred ) 
Average  grade  of  0.9  percent  copper 

1955 

(MF&JP) 

25.0 

(measured  and  indicated ) 

1958 

(Min.  World) 

50.0 

(measured  and  indicated;  1 00  inferred 
are  included) 

1961 

(Netschert) 

32.5 

(mostly  measured) 

1962 

(Min.  Res.) 

32.5 

1963 

(Landsberg) 

40-50 

(measured  and  indicated ) 

1964 

(I.C.  8325) 

41.99 

(measured  and  indicated;  24.51 
measured ) 

1964 

(I.C.  8325) 

85.99 

(measured,  indicated,  and  inferred) 

1965 

(CDS) 

32.5 

(Average  grade  of  0.8  percent  copper) 

1965 

(MF&P) 

32.5 

(measured  and  indicated) 

1967 

(CDS) 

33.0 

(Average  grade  of  0.8  percent  copper) 

1968 

(CDS) 

85.5 

(Average  grade  of  0.8  percent  copper) 

Sources: 

MF&P  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 

CDS  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
Paley  -  President’s  Material  Policy  Commission  (Pale v  Report) 

Mm.  World  =  Minina  World 

Mm.  Res^Minei-al Resources  of  the  United  States,  U.S.  Geological  Survey 
I.C.  U.S.  Bureau  of  Mines  Information  Circular 
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according  to  the  report,  there  was  not  “much  chance  that  further  technological  progress  in 
mining  would  increase  reserves  significantly  by  making  lower-grade  deposits  profitable, 
through  lowering  the  minimum  ore  cut-off  grade  of  available  ore.”157  In  addition  the 
report  assumed  that  the  existing  loss  in  beneficiation  was  an  irreducible  minimum  of  from 
one  to  two  pounds  of  copper  per  ton  of  ore. 

In  1950  the  cut-off  grade  at  most  copper  properties  was  roughly  0.5  percent,  or  10 
pounds  of  copper  per  ton  of  ore.  The  grade  of  ore  is  rarely  uniform  throughout  a  mineral 
deposit,  and  consequently,  a  break-even,  or  cut-off,  grade  is  calculated.  All  rock  assaying 
below  cut-off  grade  is  normally  sent  to  the  waste  dump,  and  rock  assaying  higher  than  this 
grade  is  sent  to  the  mill  or  smelter.  The  average  grade  of  an  orebody  is  generally  higher  than 
the  cut-off  grade,  for  otherwise  there  would  be  no  profit. 

Small  changes  in  mineral  commodity  prices  will  affect  the  cut-off  grade  at  a  particular 
deposit  by  as  much  as  15  to  30  percent.  If  prices  rise,  the  cut-off  grade  may  be  lowered, 
provided  tha*  labor  and  material  costs  have  not  also  risen  in  proportion.  Lowering  economic 
grade,  of  course,  increases  the  tonnage  in  the  deposit,  but  the  average  amount  of  ore  mineral 
extracted  per  ton  of  rock  decreases.  Ten  to  25  percent  of  the  ore  mineral  is  usually  lost  in 
beneficiation  and  smelting,  so  that  the  effective  ore  recoverable  grade  used  in  cost  and  profit 
calculations  is  less  than  the  actual  grade  of  the  rock. 

The  Paley  Report  has  been  criticized  by  many  for  its  inaccuracies  in  the  projection  of 
supply  and  demand.  Perhaps  its  greatest  failing  was  that  it  did  not  project  the  ability  of  the 
mining  industry  to  find  new  ore  and  develop  cheaper  methods  of  extracting  copper  from 


Fig.  76  -  The  Bluebird  copper  deposit  near  Miami,  Arizona.  Long  considered  too  low  in  copper  content 
and  mineralogically  unsuited  for  existing  methods  of  copper  extraction,  the  Bluebird  deposit  remained 
waste  until  changing  technology  and  economic  conditions  turned  it  into  ore  and  increased  the  nation's 
known  copper  ore  reserves. 
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lower-grade  rock.  It  is  interesting,  however,  to  note  that,  subsequent  to  publication  of  the 
laley  Report,  exploration  for  new  copper  deposits  to  satisfy  projected  increases  in  demand 
and  to  offset  the  expected  depletion  of  reserves  began  to  intensify,  and  has  increased  rapidly 
ince.  Seven  new  disseminated  copper  deposits  have  been  discovered  (Pima  Mission 
Esperanza,  Siemta  Mineral  Park,  Berkeley  Pit,  Bluebird,  and  Battle  Mountain)  and  put  into 
P  duction  since  1 952.  1  hese  do  not  include  the  Copper  Cities,  San  Manuel,  Silver  Bell  and 
Yenngton  deposits  which  were  being  developed  at  the  time  and  which  subsequently  came 
into  production.  In  the  face  of  continually  decreasing  grades  of  ore  (which  the  Palev  Revort 
recognized  and  predicted),  both  new  and  existing  copper  mines  installed  or  expanded  leach 

in  h?lorr!!  ra  C°PPer  fr°m  What  ?3S  otherwise  rock  of  to°  low  a  grade  to  be  processed 
m  the  normal  manner,  i.e.,  waste.  The  development  of  new  machinery  enabled  more 

fnrrp0miC  of ’ower-grade  rock  ™  larger  volumes,  thus  maintaining  operations  and 

increasing  copper  production.  .  <  F  ■ 

Prior  to  1961  copper  consumption  remained  more  or  less  on  an  even  keel  as  the 

markets*1?"  thk  trend"^  andf  °the;  commodities  made  increasing  inroads  into’ copper 
markets.  If  this  trend  had  continued,  copper  consumption  in  1975  would  not  have  been 

greatly  different  than  that  projected  by  the  Paley  Report.  Copper  consumption  and 

viCet'0Nam°WaarCCTheratefd  l™™/  9£l  J°  1968’  however>  coincident  with  the  escalation  of 
the  Viet  Nam  War.  These  factors  (which  probably  could  not  have  been  predicted)  together 

with  mcreascd  prices,  hastened  the  adoption  of  more  advanced  leaching  methods  and  more 
ef  icien.  machinery  to  extract  ore.  In  1966,  mine  production  of  domestTc  copper  waH  4 
million  tons  and  consumption  (excluding  scrap)  was  2.2  million  tons.  The  curve  of 
mcreasmg  consumption  including  scrap  copper,  reached  2.8  million  tons  of  copper  in  1966 
nine  years  in  advance  of  the  Paley  Report's  1 975  target  date.  PP  ’ 

The  Paley  Commission  foresaw  correctly  ■  the  widening  gaps  between  domestic 
production  and  wartime  needs  which  has  increasingly  made  the  United  States  dependent 

suDnlildT8?  SUPP  ICS  °f  coppfr  Excluding  scrap,  36  percent  of  domestic  consumption  was 
supplied  by  foreign  sources  in  1966,  up  from  18  percent  in  1961. 

opper  reserves  have  also  been  subject  to  varying  estimates  since  1950.  In  1955  Mineral 
Facts  and  Problems  estimated  that  the  nation’s  reserves  of  copper  in  measured  and  indicated 
ore  were  about  25  million  tons.  By  1958,  Mining  World  Istm^d  Zi  Zas^T^i 
mdicured  reserves  of  copper  metal  had  increased  to  50  million  tons,  and  if  in?ermd  feSeZs 

Z  TheClFdf’  r  thiC  to‘a'wou,d  be  100  million  ‘ons.  In  1 96 1 ,  Netschert  and  Landsberg 
The  Future  Supply  of  the  Major  Metals,  done  for  Resources  for  the  Future  Inc8 

In  'I1??  1  I  la  \u  nat  on  s  reserves  Of  copper  in  measured  ore  totaled  about  32  million  tons 
.;‘ndabcrg’  wntmS  ln  Natural  Resources  for  United  States  Growth  published  bv 

wer?t;UtP  4ra?r5n  nd,nated,tlUU  and  indicated  domestic  reserv^ftppe? 

Mines  in  its  Inf  r  50  milhon  tons •  The  following  year,  the  United  States  Bureau  of 
Mines  in  its  Information  Circular,  8325  estimated  that  the  nation’s  measu red  and  indicated 

::i::;xrrd  ,o  neariy  42  mim°n  ,ons’ 25 

To,  Z  ,  9fis  l  tned  °^;eseI7es  were  mcluded,  the  estimate  rose  to  nearly  86  million 
ton  By  1 965  the  Bureau  of  Mines’  Commodity  Data  Summaries  were  providing  an  estimate 
ol  over  32  million  tons  of  copper  in  ore  with  an  0.8  percent  average  grad^T by 1968 tWs 
had  increased  to  over  85  million  tons  in  ore  of  the  same  grade  V 

1  hese  other  estimates  of  future  production,  consumption  ahd  reserves  have 
acknowledged  the  possibility  of  new  ore  discoveries  and  the  treatment  of  lower-grade  ore. 

■  r  rtserve  es  imates  vayy  according  to  the  assumed  grade  and  proportions  of  indicated  and 

hleTsfimaet eHh'Ch  may  d?duCed-  LandsberS  aad  Netschert  and  Undsberg""’ 

2000  and  V  d  I6"86  ?T  Cop!<!r  Production  of  1.0  to  1.5  million  tons  through  the  year 

etween  1.7  and  2.0  million  tons  per  year.  On  the  other  hand,  if  the  1961-1966  trend 


170 


I 


continues,  production  could  rise  to  a  range  of  2.4  to  2.8  million  tons  a  year,  or  even  more. 
Previous  estimates  (Landsberg,  Netscher)  did  not  take  into  account  the  full  impact  of  the 
intensified  efforts  of  recent  years  in  minerals  exploration  and  in  extractive  metallurgy  which 
have  substantially  increased  the  nation’s  ore  reserves  and  production  capability. 

The  Landsberg  et  al.  projections  of  consumption  for  1985  include  a  substantial  range, 
adequate  to  account  for  a  variety  of  possibilities  from  heavy  substitution  of  other  metals  for 
copper  to  tremendous  expansion  of  copper  usage.  Projected  estimates  stated  herein  range 
from  about  2.0  to  5.0  million  tons  of  annual  copper  consumption  in  1985,  assuming  that 
the  most  recent  (1965-1966)  acceleration  in  demand  due  to  the  Viet  Nam  War  does  not 
continue  at  its  present  rate  of  increase.  A  median  consumption  range  of  2.5  to  3.5  million 
tons  oi  copper  in  1985  is  projected  assuming  a  certain,  but  not  excessive,  increase  in  the  use 
of  copper  substitutes  and  barring  a  drastic  acceleration  of  consumption  due  to  political  or 
technological  factors. 

Latest  total  estimated  copper  reserves  ( Commodity  Data  Summaries,  January  1968,  at 
85.5  million  tons)  would  be  sufficient  for  more  than  20  years  of  consumption  at  a  1985  rate 
of  3.5  million  tons  per  year.  Measured  reserves,  however,  are  only  about  one-third  as  large. 
In  terms  of  operating  capacity,  therefore,  useful  copper  reserves  are  not  excessive,  as 

evidenced  by  the  strain  on  producing  facilities  caused  by  recent  demand  due  to  the  Viet 
Nam  War. 

The  Paley  Report  seems  to  have  been  equally  as  inaccurate  in  estimating  the  country's 
reserves  ot  lead  as  in  stating  copper  reserves.  In  1950,  the  Paley  Report  estimated  that  the 
United  States  had,  in  measured,  indicated,  and  inferred  ore  reserves,  about  seven  million 
tons  ot  lead.  From  1951  to  1967,  domestic  lead  mines,  lead-zinc  mines,  and  lead-silver 
mines  had  produced  more  than  five  million  tons  of  lead  and  yet,  according  to  the  Bureau  of 
Mines’  Commodity  Data  Summaries,  measured  and  indicated  reserves  of  lead  had  increased 
to  eight  million  tons.  Furthermore,  of  the  seven  million  tons  of  reserve  estimated  in  1950, 
only  one  million  tons  were  considered  to  be  in  measured  ore  with  the  remainder  being  in 
indicated  and  inferred.  The  eight  million  ton  estimate  by  the  Bureau  of  Mines  in  1967  did 
not  include  inferred  reserves  but  only  measured  and  indicated.  By  1968,  the  Bureau  of 
Mines  estimate  for  domestic  lead  reserves  had  increased  to  a  total  of  35  million  tons.  A 
major  portion  ot  the  reserves  added  in  the  most  recent  years  has  come  from  the  new 
Viburnum  district  in  Southeast  Missouri  where  mineral  deposits  completely  unknown  only 
10  years  ago  have  been  developed. 

Most  lead  mines  (including  lead-zinc,  lead-silver,  and  lead-zinc-silver)  have  consisted  of  a 
series  of  separate  orebodies,  requiring  continuing  exploration  to  maintain  reserves  ahead  of 
mining.  The  grade  ot  rock  constituting  lead  ore,  because  of  the  relatively  low  unit  price  of 
lead,  is  more  sensitive  to  small  absolute  price  changes  than  many  of  the  other  metals. 
Consequently,  net  reserves  have  fluctuated  as  much  with  price  changes  as  they  have  with  the 
ratio  of  new  mineral  discoveries  to  depletion  by  mining.  The  increases  in  the  prices  of  silver, 
zinc,  and  lead  since  the  early  1960’s  have  enabled  progressively  lower-grade  deposits  to 
become  ore  and  thus  be  added  to  ore  reserves. 

The  combination  of  continued  successful  exploration  and  price  increases  has  resulted 
not  only  in  the  replenishment  of  mined  out  reserves  but  an  increase  in  reserves.  More 
important  than  exploration  at  and  in  the  vicinity  of  existing  operations,  however,  have  been 
the  discoveries  of  vast  new  lead  deposits  in  Southeastern  Missouri  since.  1 960.  These  new 

Missouri  deposits  account  for  the  major  portion  of  the  increase  in  net  reserves  since  the 
1950  Paley  estimate. 

Lead  production  followed  a  declining  trend  from  1947  to  1962,  but  has  since  increased 
following  the  discovery  ot  the  new  Southeastern  Missouri  ore  deposits.  Lead  output  should 
continue  to  increase  as  new  mines  are  put  into  production  on  these  deposits,  provided  that 
excessive  reductions  in  the  metal’s  price  are  not  experienced.  The  difference  between 
domestic  lead  production  and  demand  has  been  compensated  for  by  imports  (3 1  percent  of 
consumption  in  1966)  and  recovered  scrap  lead  (40  percent  of  1966  consumption). 

uJIent  y  est*mated  lead  reserves  of  35  million  tons  in  measured  and  indicated  ores  are 
sufficient  to  supply  demand  for  30  years  at  the  1985  rate  of  projected  consumption.161 
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Table  13 


Year 

1950 

1950 

1950 

1951 
1958 
1960 
1960 
1962 
1962 
1964 
1964 

1964 

1965 

1967 

1968 

Sources: 


ESTIMATES  OF  LEAD  RESERVES  IN  THE  UNITED  STATES 


Source 

Reserves 

(millions  of  short  tons) 

(Paley) 

7.1 

(measured,  indicated,  and  inferred ) 

(Paley) 

1.0 

(me^tsured) 

(Mat.  Surv.) 

2.9 

(measured  and  indicated ) 

(MF&P) 

2.5 

(Min.  World) 

2.9 

(measured  and  indicated ) 

(MF&P) 

5.6 

(measured,  indicated,  and  inferred ) 

(MF&P) 

2.9 

(measured  and  indicated ) 

(Min.  Res.) 

7.7 

(Mat.  Surv.) 

4.66 

(measured  and  indicated ) 

(I.C.  8325) 

0.67 

(measured) 

(I.C.  8325) 

35.25 

(indicated  and  inferred ) 

(I.C.  8325) 

16.15 

(measured  and  indicated;  includes  all  base  metal  ores) 

(MF&P) 

6.0 

(CDS) 

8.0 

(measured  and  indicated ) 

(CDS) 

35.0 

* 

MF&P  -  Mineral  Facts  and  Problems ,  U.S.  Bureau  of  Mines 
CDS  -  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
Paley  =  President’s  Material  Policy  Commission  (Pale y  Report ) 

Mat.  Surv.  =  Materials  Survey,  U.S.  Bureau  of  Mines 
Min.  World  =  Mining  World 

^r  'J\TC^‘neral  °fthe  United  States’  U.S.  Geological  Survey 

ix  .  u.S.  Bureau  of  Mines  Information  Circular 


in  1950,  the  President’s  Materials  Policy  Commission  estimated  that  the  United  States 
had  approximately  1 6  million  tons  of  zinc  in  ore  reserves.  Approximately  half  of  this  was  in 
measured  and  indicated  reserves.  Only  a  year  before  that,  in  1949,  the  materials  survey 
made  by  the  U.S.  Bureau  of  Mines  had  estimated  the  nation’s  reserves  of  zinc  at  8.5  million 
tons  in  measured  and  indicated  ore.  In  the  same  year  as  the  Paley  Report  (1 9 50),  Minerals 
Facts  and  Problems  estimated  the  nation  had  8.5  million  tons  of  measured  and  indicated 
zinc  of  which6.5  million  tons  were  recoverable.  With  inferred  ore  included,  the  estimate  rose 
to  21  million  tons,  ol  which  16  million  tons  were  recoverable.  Fiom  1951  to  1967,  the 
nation’s  mines  produced  over  nine  million  tons  of  zinc,  and  yet,  in  1967,  the  Commodity 
Data  Summaries  of  the  Bureau  of  Mines  indicated  that  the  nation  still  had  measured  and 
indicated  reserves  of  1  2  million  tons  of  zinc. 

Reserves  of  zinc,  like  those  of  lead,  have  fluctuated  according  to  the  prices  paid  for  lead, 
zinc,  and  silver,  and  with  the  success  of  exploration  activities  in  active  deposits.  Discoveries 
of  new  zinc  ore  deposits  have  also  been  made.  The  net  result  of  price  increases  and  new 
discoveries  lias  been  that  measured  and  indicated  reserves  have  almost  doubled  since  1950, 

from  8.5  to  1  5  million  tons  of  metal,  despite  the  production  in  the  meantime  of  over  nine 
million  tons  of  zinc. 

Zinc  consumption  leveled  off  through  1960,  then  rose  again,  this  time  steadily,  to  1966. 
The  overall  trend  is  in  line  with  the  Paley  estimate  of  1975  consumption.  Assuming  that  the 
periods  of  depressed  and  accelerated  consumption  rates  average  out,  the  projected  1985 
consumption  of  approximately  1.7  to  2.1  million  tons  of  zinc  is  more  or  less  in  accord  with 
the  trend  indicated  by  the  Paley  Report  and  with  the  median  Resources  for  the  Future 
projections.  The  Resources  for  the  Future  projections  include  high  and  low  consumption 
estimates  as  well,  which  adequately  cover  the  range  from  depression  to  wartime  conditions. 

Domestic  zinc  production  has  not  been  sufficient  to  satisfy  the  nation’s  demand,  and 
since  1958  has  amounted  to  half  or  less  of  total  consumption.  Competition  from  foreign 
imports  has  apparently  restrained  domestic  production.  Furthermore,  the  production  of 
zinc  and  the  production  of  lead  are  frequently  interdependent,  so  that  the  reserve  of  one  or 
the  other  metal  is  only  partly  responsive  to  its  own  demand.  Lack  of  sufficient  demand  for 
lead  has  often  inhibited  the  production  of  zinc,  and  vice  versa. 

Current  measured  and  indicated  reserves  of  zinc  of  1  5  million  tons  are  sufficient  for  ten 
years  consumption  at  present  rates.  ^  ^  The  development  of  inferred  reserves  should 
increase  this  figure  to  20  years,  or  through  1985.  Estimated  potential  reserves  constitute 
twice  the  amount  of  total  reserves,  and  may  become  ore  at  some  time  in  the  future 
depending  upon  the  price  situation  and  other  factors.  Future  production  is  not  likely  to 
increase  greatly,  however,  unless  new,  cheaply  mineable  orebodies  are  found  or  prices  rise 
much  higher.  Newly  discovered  deposits  in  Tennessee  may  be  such  orebodies. 

Both  lead  and  zinc  reserve  estimates  have  been  even  more  variable  than  iron  or  copper  ore 
reserve  estimates  because  of  variations  in  the  inclusion  of  by-  and  co-product  ores  and  by 
distinctions  between  measured,  indicated ,  and  inferred  reserves.  In  1960  Mineral  Facts  and 
Problems  estimated  the  nation’s  reserves  of  lead  at  5.6  million  tons  in  measured,  indicated, 
and  inferred  ore,  less  than  three  million  tons  of  which  was  in  measured  and  indicated  ore’. 
By  1962,  material  surveys  of  the  Bureau  of  Mines  estimated  the  measured  and  indicated  lead 
to  total  4.7  million  tons.  By  1964,  the  Bureau  of  Mines  Information  Circular  8325  stated 
the  nation’s  measured  lead  reserves  at  0.7  million  tons.  If  indicated  and  inferred  reserves 
were  included,  however,  the  estimate  soared  to  35  million  tons.  If  only  measured  and 
indicated  reserves  were  considered,  and  if  the  lead  contained  in  all  base  metal  ores  (including 
those  of  copper,  zinc,  gold,  and  silver),  then  the  total  lead  reserve  was  set  at  about  16 

million  tons  of  metal.  By  1967  measured  and  indicated  reserves  were  set  at  eight  million 
tons. 

Zinc  reserve  estimates  have  followed  a  similar  pattern.  In  1957,  Netschert  estimated  the 
zinc  contained  in  measured  and  indicated  ores  in  the  United  States  to  be  about  13.5  million 
tons,  with  the  total  involved  in  measured,  indicated,  and  inferred  reserves  at  25  million  tons 
In  1964,  Information  Circular  No.  8325  estimated  the  nation’s  reserves  of  measured  and 
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Table  14 


ESTIMATES  OF  ZINC  RESERVES  IN  THE  UNITED  STATES 


Date 

Source 

reserves 

(millions  of  short  tons) 

1949 

(Mat.  Surv.) 

8.5 

(measured  and  indicated ) 

1950 

(Paley) 

16.0 

(approximately  50  percent  measured  and  indicated;  recovera 

1950 

(MF&P) 

8.48 

(measured  and  indicated ) 

6.53 

(recoverable) 

1950 

(MF&P) 

21.2 

(measured,  indicated,  and  inferred) 

16.3 

(recoverable) 

1957 

(Netschert) 

13.485 

(measured  and  indicated) 

1957 

(Netschert) 

25.0 

(measured,  indicated,  and  inferred) 

19.25 

(recoverable) 

1957 

(Min.  World) 

25.0 

1962 

(Min.  Res.) 

25.0 

1962 

(MF&P) 

12.2 

(measured  and  indicated) 

1964 

(l.C.  8325) 

15.07 

(measured  and  indicated) 

1964 

(l.C.  8325) 

28.67 

(measured,  indicated,  and  inferred) 

1965 

(CDS) 

12.0 

(measured  and  indicated) 

1967 

(CDS) 

12.0 

(measured  and  indicated) 

1968 

(CDS) 

15.0 

(measured  and  indicated) 

Sources.  MF&P  -  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 
CDS  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
Mat.  Surv.  -  Materials  Survey,  U.S.  Bureau  of  Mines 

J*  ey  T  P^sldent’s  Material  Policy  Commission  ( Paley  Report ) 

Min.  World  =  Mining  World  1 

C nineral  Ke*ourcfs  °f ,h*  United  States,  U.S.  Geological  Survey 
l.C.  U.S.  Bureau  of  Mines  Information  Circular 
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indicated  zinc  at  about  1  5  million  tons,  with  the  inclusion  of  the  inferred  reserves  sending 
the  total  up  to  nearly  29  million  tons.  Estimates  since  that  time  have  varied  between  12  and 
1  5  million  tons. 

2.  Reserve  Estimates  for  Minor  Metals 

Estimates  of  mercury  ore  reserves  in  the  United  States  have  been  extremely  variable, 
with  the  status  of  reserves  highly  questionable  depending  upon  the  current  price  or  short 
term  future  expected  price  of  mercury.  The  price  of  mercury  itself  has  fluctuated  greatly 
since  the  end  of  World  War  II.  In  1950,  the  Paley  Commission  estimated  that  the  nation  had 
nearly  400,000  flasks  of  mercury  in  ore  containing  ten  pounds  per  ton  or  more  of  mercury 
and  nearly  600,000  flasks  of  mercury  in  ore  containing  five  pounds  per  ton  or  more.  By 
1967,  more  than  500,000  flasks  of  mercury  had  been  produced  and  yet  the  nation’s  reserves 
of  mercury  were  still  substantial. 

Price  fluctuations,  more  than  anything  else,  have  controlled  the  nation’s  reserves  and 
production  of  mercury  since  1950.  Stimulated  by  higher  prices,  new  ore  discoveries,  mostly 
at  previously  operated  or  operating  deposits  have  been  made  and  added  to  known  mercury 
reserves.  On  the  other  hand,  increasing  costs  of  production  have  tended  to  decrease 
mineable  reserves  so  that  even  with  the  substantial  price  increase  from  about  $81  in  1950, 
to  over  $200  per  flask  in  the  1952-1963  period,  the  average  grade  of  ore  mined  generally 
remained  at  between  seven  and  ten  pounds  per  ton.  Reserves,  therefore,  have  not  benefited 
by  the  price  increases  as  much  as  would  have  been  presumed,  i.e.,  the  average  grade  of  ore 
did  not  drop  to  three  pounds  per  ton  as  a  similar  price  increase  would  have  done  with  many 
other  metals. 

Despite  the  domestic  production  of  nearly  400,000  flasks  of  mercury  since  the  Paley 
estimate,  new  ore  discoveries  and  price  increases  have  raised  1 968  estimated  reserves  to  over 
800,000  flasks.  Most  ol  these  reserves  are  in  the  inferred  and  resource  category,  however. 
The  scattered  and  discontinuous  nature  of  mercury  deposits,  coupled  with  minimum 
exploration  ahead  of  mining,  has  kept  measured  and  indicated  reserves  small.  The  1962 
estimate,  for  example,  is  a  projection  of  the  grade  of  rock  which  would  become  ore  at  a 
given  price  coupled  with  estimates  of  how  much  rock  of  that  grade  might  be  available  or 
readily  found.  These  estimates  are  not  accurate  measurements  of  rock  of  different  grades 
known  to  be  present  in  different  deposits,  because  such  calculations  on  reserve  are  rarely 
made  or  kept  by  individual  operators  or  owners. 

The  Paley  Report  estimated  1975  consumption  in  the  United  States  at  60  to  65 
thousand  flasks  of  mercury,  not  counting  for  the  possible  development  of  new  technological 
uses.163  Annual  domestic  production  was  considered  unlikely  to  rise  much  above  10,000 
flasks  due  to  the  occurrence  of  mercury  in  scattered  small  deposits,  the  average  economic 
grade  of  approximately  10  pounds  of  mercury  per  ton  of  ore  (in  1950),  and  foreign  control 
of  the  price  (and  consequently  production)  of  mercury.  The  gap  between  domestic  mercury 
production  and  consumption  has  been  filled  by  imports,  and  in  recent  years,  by  releases 
from  the  Atomic  Energy  Commission  and  GSA  stockpiles. 

Most  of  the  country’s  imported  mercury,  and  most  free  world  production,  comes  from 
producers  in  Spain  and  Italy.  Spanish  mercury  production  and  marketing  is  under  Spanish 
government  control.  Producers  in  those  two  countries  have  operated  in*  the  past  under  a 
cartel  arrangement,  resulting  in  world  control  of  mercury  prices  and  production.  Spanish 
and  Italian  ore  reserves  are  considerably  higher,  both  in  tonnage  and  grade,  than  are  United 
States  ore  reserves.  The  mercury  reserves  of  Spain  and  Italy  were  estimated  at  1.75  million 
flasks  of  20  to  60  pound  ore  in  1950.  This  represented  only  a  portion  of  the  potential  since, 
“only  a  part  of  the  known  foreign  mineralized  areas  have  been  explored,  and  it  is  expected 
that  enough  new  ore  (of  grade  comparable  to  that  now  being  mined  or  richer  than  in  the 
larger  United  States  mines)  will  be  discovered  to  extend  known  reserves  two  to  five 
times.’’164 

The  impact  of  foreign  activities  upon  domestic  mineral  reserves  has  been  demonstrated 
quite  forcefully  with  respect  to  mercury.  As  the  Paley  Commission  noted, 


175 


Table  15 


ESTIMATES  OF  MERCURY  RESERVES  IN  THE  UNITED  STATES 


Date 

Source 

1950 

(Paley) 

395 

1950 

(Paley) 

595 

1952 

(MF&P) 

595 

1957 

(MF&P) 

315 

1957 

(MF&P) 

575 

1961 

(Min.  Res.) 

300 

1961 

(MF&P) 

379 

1961 

(MF&P) 

827 

1961 

(MF&P) 

1.2 

1962 

(I.C.  8252) 

76 

1962 

(I.C.  8252) 

228.5 

1962 

(I.C.  8252) 

100 

1962 

(I.C.  8252) 

280 

1962 

(I.C.  8252) 

500 

1962 

(I.C.  8252) 

1,000 

1967 

(CDS) 

75 

1968 

(CDS) 

825 

Reserves 

(thousand  flasks) 

(grade  of  10  Ibs/ton  or  gre*  ter) 

(grade  of  5  lbs/ton  or  greater) 

(grade  of  5  lbs/ton  or  greater) 

($250/flask) 

(grade  of  5  lbs/ton  or  greater  and  $400/flask) 

($300/flask) 

($500/flask) 

($  1000/flask) 

($  190/flask) 

($250/flask) 

($200/flask) 

($300/flask) 

($500/flask) 

($760/flask) 


Sources: 


~ Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 
CDS  Commodity  Data  Summaries,  U.S:  Bureau  of  Mines 
a  ey  -  President’s  Material  Policy  Commission  ( Paley  Report) 

I  cn- ues  fRMSOUrC,eSeof  ,he  United  States’  U  S-  Geological  Survey 

I. c.  -  u.S.  Bureau  of  Mines  Information  Circular 


176 


Fluctuations  by  operations  of  the  Spanish-Italian  mercury  cartel  ...  at 
times  maintained  prices  at  levels  that  stimulated  United  States  output,  while  at 
other  times  it  threw  large  inventories  on  the  market  so  that  prices  were  depressed 
and  United  States  output  discouraged.  .  .  .  although  the  cartel  was  reportedly 

dissolved  in  1950,  the  concentration  of  supply  would  permit  its  reestablishment 
at  any  time. 


Increases  in  the  price  of  mercury  after  1950  stimulated  production  well  above  the  Paley 
■3  /  estimated  average  annual  rate  of  10,000  flasks.  Had  the  Spanish  and  Italian 

halp  i  t|HC,'i?Sen  °  ‘"crease  ,heir  sales  of  mercury  in  keeping  with  past  practices,  they  could 
nave  held  the  price  down  and  domestic  production  would  have  remained  more  in  line  with 
the  Paley  estimate. 

The  consumption  of  mercury  through  1961  maintained  a  rising  trend  which  would  have 
projected  close  to  the  1975  Paley  estimate.  The  arms  and  space  races,  however,  along  with 
Jkf  V,et  Nam  War  and  a  large  expansion  in  the  number  and  size  of  caustic  soda  plants 
(  h  require  large  initial  amounts  of  mercury  to  start  production),  contributed  to  a 
demand  for  mercury  in  excess  ol  the  Paley  estimate  for  1975. 

ill..  Jr^HffeCtT7°f  P"™  Up?n  ,the  grade  °f  °re  and  the  ore  reserves  Which  are  available  are 
illustrated  in  Figure  78,  which  shows  the  relationship  between  price  and  ore  available  or 

l  thl  °«e?dnn°r  at  nhati  In  1951  the  price  °f  mercury  rose  from  less  than  $100  to 
TvniL!?  $^°  perIflask’  and  production  began  rising.  This  price  increase  also  spurred 

ploration  and  development,  but  peak  production  did  not  occur  until  1958,  seven  years 
ater,  reflecting  the  time  required  to  expand  existing  mines,  find  new  ore,  and  put"  new 
mines  into  operation.  Production  subsequently  fell  almost  steadily  until  1964,  as  rock 
constituting  ore  at  approximately  $200  per  flask  was  exhausted  and  mines  were  shut  down 

Prrf/T6  ofmefl;ry  began  rising  again  in  1964,  but  production  did  not  respond  until  1965. 

duction  leveled  off  in  1966  and  1967,  because  of  reduced  operations  at  the  Cordero 

at  $400  pCpeinask."18  ^  damage)  ^  the  absence  of  readily  accessible  ore  even 

There  are  currently  less  than  a  dozen  mercury  mines  of  any  con sequence~TnH ie~ United 
Mates,  and  their  reserves  are  being  exhausted  at  an  increasing  rate.  In  order  for  production 
to  increase  or  maintain  its  current  rate,  new  mines  and  orebodies  will  have  be  found  and 
brought  into  operation.  Provided  that  the  current  price  of  mercury  is  maintained  or 
increased,  exploration  activity  now  in  progress  will  probably  bring  in  some  new  small  mines, 
the  greatest  hope  tor  any  sustained  major  increase  in  production  lies  in  the  discovery  and 
development  of  large  low-grade  orebodies  amenable  to  high-volume,  low-cost  mining 
methods  Orebodies  of  this  type  will  probably  be  found  and  brought  into  production 
within  a  tew  years  if  the  present  price  for  mercury  remains  steady  or  increases.  Portions  of 
Nevada,  California,  and  Texas  are  known  to  possess  the  potential  for  large  low-grade 
mercury  deposits.  Most  mining  companies,  however,  have  hesitated  to  consider  projects 
requiring  the  major  expenditures  typical  of  large  low-grade  mineral  deposits  for  fear  that 

increased  foreign  production  and  lower  prices  would  not  permit  recovery  of  their 
investment. 

,  ot*he  Production  trend  since  1947  indicates  a  1985  production  range  of 

rom  I8  U00  to  5^,000  Masks  of  mercury  per  year,  with  a  median  of  41,500  flasks  annually 
It  large r ‘ow-grade  deposits  are  brought  into  production,  domestic  production  could  rise  to  a 
range  of  70,000  to  90,000  flasks  or  even  higher  by  1985.  These  estimates  depend,  of  course 
upon  non-adverse  price  changes  caused  by  the  actions  of  foreign  producers. 

Demand  tor  mercury  is  expected  to  continue  to  grow,  either  at  the  slower  1947-1967 
rate  or  the  accelerated  rate  of  the  past  six  years.  Foreign  policy  and  the  state  of  the  nation’s 
economy  will  to  a  large  degree  dictate  the  rate  of  growth  in  mercury  consumption.  The 
projected  median  range  of  consumption  in  1985  is  approximately  120,000  flasks. 

A  number  of  the  metals  commonly  used  in  steel  alloys  have  al^b^Tth^  subjects  of 
highly  variable  ore  reserve  estimates.  In  1950,  the  Paley  Commission  estimated  that  the 
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Fig.  77  -  Changing  domestic  mercury  production  and  prices  For  many  mineral  commodities,  ore 
reserves  are  easily  and  immediately  decreased  by  falling  prices  or  rising  costs,  but  increases  in  ore  reserves 
often  involve  substantial  time  lags  as  new  deposits  must  first  be  found  before  they  can  be  measured  and 


a/a  at 


^tate^  ^ac*  0n^  *la^  a  rnillion  t6ns  of  nickel  reserves.  In  the  period  from  1951  to 
,  the  nation  produced  nearly  200, 00C1  tons  of  nickel.  Most  of  this  took  place  after  1954 
when  the  Riddle,  Oregon,  deposit  of  :he  Hanna  Mining  Company  was  brought  into 
production.  Despite  an  initial  reserve  (in  1950)  of  half  a  million  tons,  and  production  since 
then  of  0.2  of  a  million  tons,  Commodity  Data  Summaries  in  1968  estimated  one  million 
tons  o  domestic  nickel  reserves  including  measured,  indicated,  and  inferred  reserves. 

Domestic  nickel  reserves  have  varied  according  to  the  nickel  content  of  the  rock 
mduded  in  the  estimate.  Negligible  amounts  of  nickel  were  mined  in  the  United  States  until 
the  Riddle  Oregon,  deposit  began  operating  in  1954.  Since  then,  approximately  170,000 
tons  ol  nickel  have  been  mined  at  Riddle.  Reserves  were  maintained  more  or  less  constant, 
.  q Vlr’  through  the  development  of  sufficient  additional  ore  to  replace  production  until 
1968  I  he  inclusion  of  lower-grade  rock  in  the  estimated  reserves  in  1968  contributed  to  a 
doubling  of  the  reserve  estimate  from  about  0.5  to  1 .0  million  tons  of  nickel. 

More  than  a  fourth  of  the  nation’s  present  nickel  reserves  are  contained  in  nickeliferous 
iron  ores  as  by-product  metal,  and  in  sulfide  ores  from  which  there  has  been  little 
production.  Most  of  the  domestic  nickel  consumption  has  been  supplied  by  imports  of 
which  about  90  percent  have  come  from  Canada  in  recent  years. 


Fig.  78  -  The  nation's  only  significant  known  nickel  deposit.  Undeveloped  at  the  time  of  the  Paley 
Report  in  1950,  this  deposit  near  Riddle,  Oregon,  has  since  been  responsible  for  substantially  increasing  the 
nation's  known  nickel  reserves. 
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Table  16 


ESTIMATES  OF  NICKEL  RESERVES  IN  THE  UNITED  STATES 


Date 

Source 

Reserves 

(millions  of  short  tons) 

1950 

(Paley) 

0.5 

1962 

(Min.  Res.) 

0.4 

1964 

(MF&P) 

0.5 

(0.36  million  tons  in  silicates,  0.14  million 
tons  in  sulfides) 

1950 

(Mat.  Surv.) 

0.54 

(0.14  million  tons  in  sulfide  in  Alaska  and  the 

48  contiguous  United  States;  0.4  million  tons  in 
silicates  and  nickel  in  ores  of  other  metals) 

1965 

(CDS) 

0.5 

(0.7  percent  nickel) 

1967 

(CDS) 

0.243 

(1.5  percent  nickel,  approximately  equivalent  to  0.5 
million  tons  in  0.7  percent  ore) 

1968 

(CDS) 

1.0 

(0.4-1 .5,  measured,  indicated,  and  inferred ) 

Sources:  MF&P  -  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 
C  DS  -  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
Paley  -  President’s  Material  Policy  Commission  (Paley  Report) 

Mm.  Res.  -Mineral  Resources  of  the  United  States,  U.S.  Geological  Survey 
Mat.  Surv.  -  Materials  Survey,  U.S.  Bureau  of  Mines 


Nickel  consumption  trends  from  1947  to  1564,  projected  to  1985,  fall  short  of  the 

in6!  Q?7eHlmate,  ,0,00°  '°nS  °f  United  S,ates  nickel  ^^umption  in  1975.  From 
recent  trend  rn  e,mand  acce  erate,d’  however.  due  to  war  and  space  age  requirements.  If  this 

range  of  290 OOoT't ’l onon T  T*  Tf'1"8  °ff’  1985  consumption  could  be  in  the 
range  ot  290,000  to  310,000  tons  of  nickel,  and  the  Paley  estimate  for  1975  will  fall  far 

«d  de^nd  foM^w' ^  I31*  the  1964‘1967  ‘™ds  represent  twoe"/^ 
S  w  Td  f  985,  fr°m  a  Iow  estlmate  of  150,000  to  a  high  of  310,000  tons  of 

technnln  ar,.dhPreSS10n’  ^  substitutes  for  nickei  or  increased  demand  resulting  from 
a  “normfr3  change  rePresent  opposing  alternatives  which  could  modify  any  projection  of 
nirt  i  increase  in  demand.  An  intermediate  projection  of  230,000  to  270,000  tons  of 
lckel  consumed  in  1 985  seems  most  likely,  assuming  that  modifying  factors  will  average 
out  more  on  the  plus  side  than  the  minus  side  of  consumption.  8 

Known  domestic  nickel  reserves  and  current  production  are  woefully  inadequate  to 
•  UPP  y  existln8  ar>d  expected  domestic  demand.  Exploration  for  nickel  in  the  United  States 
increasing,  however,  tor  both  silicate  and  sulfide  ores.  Present  information  on  exploration 
activity  now  in  progress  suggests  the  possibility  of  enough  new  nickel  discoveries  behlg  made 

hr^vT86  Productlon  substantially.  The  United  States  will  probably  remain  however 
8  y  dependent  upon  foreign  supplies  of  nickel  for  a  considerable  time. 
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Cui  'iary  to  nearly  all  other  mineral  commodities,  the  nation  s  tungsten  reserves  have 

ecreased  since  the  1950  estimate  by  the  Paley  Report.  But  the  decline  has  not  been 
nearly  >as  much  as  the  production  that  has  taken  place  since  then.  In  1950,  the  Paley 
Commission  estimated  that  the  United  States  had  nearly  1  59  millions  of  pounds  of  tungsten 
metal  existing  as  tungsten  oxide  in  ore  that  included  measured,  indicated,  and  inferred  ores 
containing  at  least  0.4  percent  tungsten  oxide.  Between  1951  and  1966,  more  than  130 
million  pounds  of  tungsten  were  produced  in  the  United  States.  Nevertheless,  by  1967  the 
Commodity  Data  Summaries  of  the  Bureau  of  Mines  estimated  that  the  nation  still  had  143 
million  pounds  of  tungsten  in  measured,  indicated,  and  inferred  ore  reserves  containing  a 
minimum  of  0.3  percent  tungsten  oxide. 

A  large  portion  of  post-1950  tungsten  production  has  been  as  a  by-product  from 
tungsten  contained  in  what  is  essentially  molybdenum  ore  at  Climax,  Colorado.  In  recent 
years,  Climax  has  been  the  second  largest  single  source  of  tungsten  in  the  United  States. 
Tungsten  reserves  and  production  have  therefore  been  dependent  to  a  great  extent  upon  the 
maintenance  of  molybdenum  reserves  and  the  rate  of  molybdenum  production  at  Climax. 

High  tungsten  prices  (from  approximately  $40.00  to  $66.00  per  short  ton  unit  of 
tungsten  oxide,  W03,  which  is  equivalent  to  1  5.86  pounds  of  tungsten)  during  the  early  and 
rrnddle  1 950  s  resulted  in  the  discovery  and  development  of  many  small  tungsten  deposits  in 
the  Western  United  States.  The  high  prices  were  maintained  by  the  government  for  stockpile 


F'9-  79  -  The  tungsten  mineral  deposit  near  Bishop,  California,  one  of  the  few  domestic  mineral  deposits 
utilized  primarily  for  its  tungsten  content  Although  substantial  reserves  of  by-product  tungsten  have  been 
developed  in  the  past  1 5  years,  the  nation's  total  known  tungsten  reserves  have  declined. 
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fnr»iKOrea"  War  demands.  Subsequent  purchase  contracts  were  given  preferentially  to 
unit  l°UrCeS  °  SUPP'y’  however’  and  domestic  prices  fell  below  $20.00  per  short  ton 

n^,:hT  def™ase  Price  made  most  domestic  tungsten  operations  unprofitable  causine 
nation’s  lungste^  mi"eS  f°  Shl“  d°W"  a  to*B  P°rti°"  °p  ‘he 

Mos^f^he*naticm’srproduction  now  'corned from  Q^max^and^wo^e^osits^^Calffornia  ^one 

as'lBttie'qMiSty*  of  in/erre^or^g^rade'^d  a 
in  the  ratio  of  newjy-discovered  ore  to  production  ’  g  ’  an<^  c^an8es 

pSHSSSr? 

Reserves  responsive  to  increases  in  demand  ^  t°  3  reserves’  even  at  favorable  prices, 
by-product  of  othe  ores)  orohThfvT  ?"  not  contln8ent  UP™  production  as  a  co-  or 
domestic  tungsten  resets  ?  Y  d°  "0t  C°"StltUte  more  than  25  Percent  of  total 

proportion  of  th^domestic  demand  for  tTitrate^n0]' 966  7  SUrPl'ed  3  steadi|y  declining 
half  of  domestic  consumption  Total  c, , Si!  ,■  19d6 'domestic  mines  supplied  less  than 

pounds  are  ,nsuffic“CPp^  T™  °f  143 

consumption.  Responsive  tungs^enTeSs  ar^tt  even  shorter' nJZTZ?- '  S'6  °f 
price  increases  and/or  new  ore  discoveries  the  United  '  f!PuP  y*  B  rnng  adequate 
dependent  upon  foreign  sources  for  tungsten  by  1985  S  C°U  d  beC°me  3lm°St  t0tally 

maccuhmte9?nThtiTmr0fthbe7ak7cleSrVeS  ‘c  ?ited  Sta,es  has  been  not.ceably 

thousand  tons  of  ber^ium  ore ^  TOsTxTsteTnn^  i  7'  7  United  States  had  '5 
time,  however,  large  low-grade  Sf 7  Primanly  as  beryl  in  pegmatites.  Since  that 

discovered  in  Utah,  and  by  1967  the  contaimng  beryllium  have  been 

were  led  to  state  simply  toat  known^eSf?f  ?atal,Summa™  of  the  Bureau  of  Mines 
“large  and  low-grade.’’  reserves  of  beryllium  ore  in  the  United  States  were 

Bureau  '(^Mines'esthri'ate^the'nation’s  bervlhum31"^  ^  r,~  °f  Utah  by  the  U.S. 
the  15  thousand  tons  in  the  1950  Pdev  um  rtserves  at  15  million  tons  (compared  to 

oxide.  This  would  be  equivalent  to  600  thousand  toT/ofTeryi*  the  o  °'5  beryUiUm 

the  [950  estimate.  ry  5  * ie  ore  mineral  involved  in 

is  theeryo!emm“nly  veTnT  anJ depoIits:  Pe«matites  (in  which  beryl 

beryllium-bearing  minerals  constitute  the^ie^Knnui11'  j0clcs^’  in  w|tic,>  other 

Utah  contain  large  rese™es  of  be7li  im  7,  h  d'ssem.nated  and  vein  ore  deposits  in 
.rge^art  to  technical  proems  Kft  ££&  ^  P™  **  ta 

from  pegmatUeRsTu7ese^mwWchdh7v|St'C  res^'rve^  f  approximately  15,000  tons  of  beryl 

for  other  minerals,  chiefly  feldspar  and  mic^Th^!  ^  3  ;C°  °T  by'product  of  mining 

specific,  assigning  tonnages  to  rock  of  diff  u  atfna^  Survey  estimate  was  more 

non-pegmatite  sources  of  beryllium.  Not  quite  2^  be"? were  ml£dt°h“ 
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Table  17 


ESTIMATES  OF  TUNGSTEN  RI  SER VES  IN  THE  UNITED  STATES 


Date 

Source 

1950 

(Paley) 

158.62 

1954 

(MF&P) 

142.76 

1955 

(MF&P) 

154.34 

1957 

(Landsberg) 

142.0 

1958 

(Min.  World) 

142.76 

1962 

(Min.  Res.) 

142.0 

1965 

(CDS) 

143.0 

1967 

(CDS) 

143.0 

1968 

(CDS) 

143.0 

Reserves 

(millions  of  pounds  of  tungsten  metal) 

( measured ,  indicated,  and  inferred  at  +  0.4 
percent  tungsten  oxide  [WO3J ) 

( measured ,  indicated,  and  inferred) 

( measured ,  indicated,  and  inferred) 


(2  0.3  percent  WO3) 

( measured ,  indicated,  and  inferred;  at  0.3 
percent  WO3) 

(at  0.3  percent  WO3) 


Sources:  MF&P  =  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 
CDS  =  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
Paley  =  President’s  Materials  Policy  Commission  ( Paley  Report) 

Min.  World  =  Mining  World 

Min.  Res.  =  Mineral  Resources  of  the  United  States,  U.S.  Geological  Survey 


States  between  1950  and  1953,  and  the  discrepancy  between  the  two  estimates  is  a  matter 
of  the  grade  of  beryl-bearing  rock  used  in  making  the  estimates. 

From  1951  through  1962,  almost  5,000  short  tons  of  beryl  were  mined  in  the  United 
States.  The  net  reduction  in  reserve  estimates  between  1950  and  1962  was  about  5,000 
tons,  largely  reflecting  depletion  of  ore  through  production. 

Beryl  is  distributed  unevenly  in  pegmatite  deposits  and  the  estimation  of  either  reserves 
or  resources  is  extremely  diflicult.  Few  on-the-ground  measurements  have  been  made  of  the 
actual  grade  and  tonnage  ot  reserves  at  individual  properties,  and  domestic  reserve  estimates 
ot  beryl  in  pegmatites  are  perforce  only  educated  guesses.  The  same  has  applied  in  the  past 
to  non-pegmatite  resource  estimates  of  beryllium  ore. 

Nevertheless,  substantial  additions  to  the  nation’s  beryllium  reserves  have  been  made  by 
the  disseminated  deposits  in  Utah  which  were  discovered  early  in  the  1960’s.  These  deposits 
have  been  moderately  to  extensively  sampled  by  drilling  and  surface  and  underground 
excavations.  Consequently,  reserve  estimates  for  these  deposits,  which  were  not  previously 
included  in  published  reserve  estimates,  should  be  reasonably  accurate.  Although  the 
disseminated  and  vein  deposits  in  Utah  are  currently  estimated  to  contain  a  minimum  of 

600,000  tons  of  beryl  equivalent,  these  deposits  have  not  been  included  in  other  reserve 
estimates. 
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Table  18 


Date 

1950 

1953 

1953 

1953 

1953 

1962 

1964 

1967 


— 


ESTIMATES  OF  BERYLLIUM  RESERVES  IN  THE  UNITED  STATES 


Source 

Reserves 

(short  tons) 

(Paley) 

15,000 

(Mat.  Surv.) 

1 1,000 

(of  +  1 .0  percent  beryl,  in  pegmatite) 

(Mat.  Surv.) 

270,000 

(of  +  0.1  percent  beryl,  in  pegmatite) 

(Mat.  Surv.) 

3,000 

(equivalent  of  +  0.1  percent  BeO,  nonpegmatite) 

(Mat.  Surv.) 

7,000 

(equivalent  of  +  0.01  percent  BeO,  nonpegmatite) 

(Min.  Res.) 

1 0,000 

(Min.  &  Water 
Res.  Utah) 

1  5,000,000 

(0.5  percent  BeO,  minimum,  equivalent  to  600  000 
tons  ot  beryl)  ’ 

(CDS) 

Large,  low- 
grade  resources 

Sources: 


cntl  rMmeralFaCtS  and  Probkms.  U.s.  Bureau  of  Mines 
p,  C°m”\odity  Data  Summaries,  U.S.  Bureau  of  Mines 
Paley  -  President  s  Material  Policy  Commission  (Pale y  Report) 

M  n  pUrV  X'X  Survey,  U.S.  Bureau  of  Mines  P  > 

Min.  fwatef  ReTutah -X  ft"  SMes’  US'  Geol°^'  Survey 

Insular  Affairs  '  W  Reso^ces  of  Utah,  Committee  on  Interior  and 


fromA7 ’wTTffi  tonseryOncem  *°  *  1985  of 

increased  availability  of  beryllium  mav  r>an«p8  h  deposits  c°me  into  production,  the 

products,  and  consumption  could  increase  tn  ltS  USC  in  3  large  number  of 

for  1985.  The  Utah  deposits  aonear  tn  r>  several  times  the  amount  presently  projected 

increases  in  demand  through  at  least  Ltyea"  ^  beFyIliUm  t0  Satisfy  any  such 

estimates  for  domestic  beryllium  sumllv  ^  req“irements  coming  from  overseas,  the  reserve 
domestic  beryllium  reserves  ran  as  high  as  2 70i  000^  qu,Je  vanab,e-  In  1953,  estimates  of 

Pegmatites  down  to  3,000  ^  ?f  ai  por?ei?  b^1Ilum  °xide  from 

non-pegmatite  ores.  Most  recent  estimate*  hav  •  percent  beryllium  oxide  from 

beryllium  reserves  are  “large.”  6  Slmp  y  stated  that  the  nation’s  domestic 

of  VnTtTsTjs  7  nation’s  uranium  reserves,  a  number 

estimated  in  Mineral  Facts  .ujXfemT.hllth  Unded^  1  ,940'  " 

“  s,a'“  *«■* ^  <*•»-** 
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ore  were  approximately  64  million  tons  of  about  0.23  percent  L308.  This  huge  increase 
came  -espne  the  fact  that  from  1948  to  1967  the  nation  produced  more  than  158,000  tons 
ot  uranium  oxide.  In  other  words,  the  total  tonnage  produced  from  1948  to  1967  was  more 

csfimatcdL  ms686"65  eStimated  f°r  1968  and  near|y  80  times  as  great  as  the  reserve 

°u  u'iesarves  estimated  1 947  have  increased  from  one  million  tons 

^  ....  lnulg  probably  less  than  10,000  short  tons  of  uranium  oxide,  UaOo)  in  1948  to  64 

X'-Vr  °f  0  23  percent  uranium  oxide  (containing  148,000  tons  of  uranium  oxide)  in 
.  he  reserves  were  increased  through  the  discovery  of  new  mineral  deposits  and  the 
development  of  new  reserves  at  producing  mines.  Estimated  reserves  were  highest  in  1959 
when  they  reached  241,000  tons  of  uranium  oxide  and  subsequently  fell  to  152,000  tons  of 
uranium  oxide  in  1965  because  of  depletion  through  production.  About  5,000  tons  of 

«Q  nnn?  "  o™8  Wefe  develoPed  durin8  this  period,  holding  the  net  drop  in  reserves  to 
,  0  tons.  Reserves  were  subsequently  maintained  more  or  less  constant  to  1968  through 

contmued  mine  development  and  the  resumption  of  outside  exploration  in  anticipation  of 

K  Tmum  in  the  1970’S'  Since  early  1967  the  tonna*e  of  uranium  oxide 
estimated  to  be  in  domestic  ore  reserves  has  climbed  to  nearly  200,000  tons  according  to 
the  most  recent  Commodity  Data  Summary. 


•  Cnncontratm9  facilities  near  Moab,  Utah,  built  to  process  uranium  ores  from  scattered  deposits 

m  the  Colorado  Plateau  region  of  Southeastern  Utah,  Although  estimated  uranium  reserves  in  1968  were 
tar  greater  than  in  1947 ,  there  has  been  a  decline  from  the  peak  years  in  the  late  1950's. 
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Table  19 


ESTIMATES  OF  URANIUM  ORE  RESERVES  IN  THE  UNITED  STATES 


Date 

Source 

Reserves 
(tons  of  IFjOo) 

(millions  of  tons) 

\ 

of  ore 

1948 

(MF&P,  1965) 

1 

'■ 

1950 

(MF&P,  1965) 

'  2 

1955 

(MF&P,  1965) 

«  27 

* 

1959 

(MF&P,  1965) 

88.9 

1959 

(Jan.  AEC  Rept) 

86.0 

(at  0.28  percent  t^Og) 

241,000 

1960 

(MF&P,  1965) 

82.0 

1963 

(MF&P,  1965) 

66.0 

1 

1964 

(Landsberg) 

• 

250,000 

1965 

(Jan.  AEC  Rept.) 

63.0 

(at  0.24  percent) 

152,000 

1966 

(Jan.  AEC  Rept.) 

61.0 

i 

(at  0.235  percent) 

145,000 

1966 

(Dec.  AEC  Rept.) 

63.0 

(at  0.24  percent) 

152,000 

1967 

(Jan.  AEC  Rept.) 

61.0 

(at  0.23  percent) 

141,000 

1967 

(Dec.  AEC  Rept.) 

64.0 

(at  0.23  percent) 

148,000 

1967 

(CDS) 

(at  0.24  percent) 

145,000 

1968 

(AEC  Annual  Rept.) 

64.0 

(at  0.23  percent) 

148,000 

1968 

(CDS) 

— 

195,000  (measured,  325,000;  inferred, 

52,000,  total,  at  $10.00/pound  or  less 

ot  UjOg  content) 

Sources:  MF&P  =  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 

,c,  ~  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
AtL  Atomic  Energy  Commission 
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1  he  Landsberg  estimate  of  1 964  and  contemporary  AEC  estimates  of  uranium  oxide  in 
ore  reserves  differ  markedly  (250,000  vs.  152,000  tons).  This  difference  is  probably 
accounted  for  by  the  amount  of  inferred  reserves  allotted  to  the  respective  estimates.  The 
1968  Commodity  Data  Summaries>  reserve  estimate  of  195,000  tons  of  measured  uranium 
oxide  plus  325,000  tons  of  inferred  was  made  at  a  price  of  $10  per  pound  of  uranium  oxide. 
As  actual  prices  have  been  less  than  $10  per  pound,  this  estimate  obviously  includes 

A°^r  grade  FOCk  than  °ther  estimates>  thereby  increasing  the  reserve  tonnage  figures.  The 
AEC  estimates  apparently  have  not  included  inferred  reserves. 

Until  recently  the  sale  of  uranium  has  been  restricted  almost  exclusively  to  the  Atomic 
Energy  Commission.  Production  and  consumption  data  therefore  reflect  purchases  by  the 
AhC,  which  in  turn  has  sold  uranium  to  qualified  private  consumers,  principally  for  research 
and  nuclear  power  plant  fueling. 

Domestic  consumption  (AEC  domestic  plus  foreign  procurement)  and  production  both 
reached  a  peak  in  1960.  The  satisfaction  of  immediate  AEC  demand  led  to  the  reduction  of 
stretched  out’*  domestic  production  contracts  which  steadily  declined  from 
60  V?66-  PI°J?uction  increased  in  1967,  exceeding  consumption,  in  anticipation  of 
projected  demand  for  uranium  to  be  used  in  nuclear  power  plants  now  being  planned  or 
constructed.  Future  demand  is  estimated  (from  data  in  the  Annual  Report  to  the  Confess 
of  the  AEc  lor  1967)  at  around  25,000  tons  of  uranium  oxide  per  year  in  1975.  The 
widespread  use  of  breeder  reactors,  requiring  less  uranium,  is  not  expected  to  occur  until 
some  fime  after  1 980.  Unit  demand  for  uranium  in  breeder  reactors  may  thus  decrease  at 
that  time  Overall  demand,  however,  may  increase  as  the  applications  of  nuclear  power  are 
better  understood  and  come  into  more  widespread  use.  Growth  in  uranium  consumption 
from  technological  advancements  has  tended  to  feed  upon  itself,  expanding  at  an  increasing 
rate  as  more  and  more  uses  are  developed.  Consequently,  uranium  oxide  consumption  in 
1985  is  probable  at  between  30,000  and  40,000  tons  per  year,  and  could  rise  even  further. 

Total  estimated  reserves  (1968  Commodity  Data  Summaries  -  520,000  tons,  including 
inferred  reserves)  of  uranium  oxide  may  be  more  or  less  sufficient  to  satisfy  projected 
domestic  needs  through  1985,  if  inferred  reserves  are  subsequently  proven.  Exploration 
currently  underway  should  increase  these  reserves,  particularly  if  lower-grade  (less  than  0.2 
percent  uranium  oxide)  rock  becomes  ore  through  price  increases  and/or  technological 
improvements  in  extractive  methods.  Domestic  production  of  uranium  may  be  subjected  to 
increasing  competition  from  foreign  sources  of  supply,  however,  chiefly  in  Africa  and 
Canada  depending,  of  course,  upon  federal  policy  and  relative  prices  and  costs  of 
production.  According  to  demand  and  the  severity  of  foreign  competition,  domestic 
production  in  1985  may  range  from  20,000  to  30,000  tons  of  uranium  oxide  per  year. 


3.  Precious  Metals  Reserves 

Neither  the  Paley  nor  the  Resources  for  the  Future  studies  made  estimates  of  reserves  on 
future  production  and  consumption  of  either  silver  or  gold.  The  traditional  association  of 
these  two  metals  with  monetary  policy  has  made  predictions  of  consumption  on  technical 
or  solely  economic  bases  difficult  and  unreliable.  Since  the  Paley  Report  in  the  early  1950’s, 
however,  various  other  sources  have  made  estimates  of  reserves  of  the  precious  metals  in  the 
United  States.  Most  of  these  estimates  had  similar  discrepancies  between  total  estimated 
reserves  and  subsequent  production  followed  by  later  reserve  estimates.  In  virtually  all  cases 
the  reserve  estimates  appeared  to  be  low. 

In  1955,  Mineral  Pacts  and  Ihoblems ,  published  by  the  United  States  Bureau  of  Mines, 
estimated  that  the  nation  had  approximately  69  million  troy  ounces  of  measured,  indicated 
and  inferred  gold  reserves.  By  1  968,  according  to  the  Bureau’s  Commodity  Data  Summaries 
and  despite  the  production  between  1951  and  1967  of  more  than  29  million  troy  ounces  of 

8 T  /  ,unatl°nS  measure(i  and  indicated  reserves  stood  at  54  million  ounces.  The  latter 
included  by-product  gold  in  primary  copper  reserves  and  in  lead  and  zinc  ores. 
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Estimates  made  of  gold  reserves  over  the  years  have  varied  widely.  In  1955  the  estimate 
was  69  million  ounces  in  measured,  indicated,  and  inferred  ores.  By  1964,  according  to  the 
Bureau  of  Mines,  the  nation’s  gold  ore  reserves  had  dropped  to  22  million  ounces  in 
measured,  indicated,  and  inferred  ore,  including  by-product  gold  in  ores  of  other  metals. 
From  1 965  through  1 967  the  Bureau  of  Mines  estimated  reserves  at  20  million  troy  ounces. 
By  1968,  however,  the  estimate  had  climbed  to  54  million  ounces,  undoubtedly  because  of 
the  discovery  and  development  of  large  low-grade  gold  deposits  in  Nevada. 

Gold  reserve  estimates  in  the  past  have  varied  widely  according  to  the  relative 
proportions  of  measured,  indicated,  and  inferred  ore  reserves  which  have  been  included  in 
the  estimates.  Reserve  figures  have  thus  ranged  from  20  million  ounces  ( measured  and 
indicated)  to  as  much  as  400  million  ounces.  Unfortunately  the  latter  figure,  as  large  and 
comforting  as  it  may  be,  consists  largely  of  potential  reserves  which  are  not  of  sufficient 
grade  to  be  considered  ore  at  present  prices.  It  also  includes  non-responsive  reserves  of 
by-product  gold  from  base  metal  ores.  Only  nine  million  ounces  of  gold,  or  about  two 
percent  ot  the  total  estimated  reserve,  are  actually  producible  from  primary  ore  at  a  price  of 
$35  an  ounce.1 65 

Reserves  of  gold  from  primary  gold  ore  declined  steadily  from  1947  to  1964,  after 
which  they  were  increased  by  the  new  discovery  of  the  Carlin  low-grade  gold  deposit  in 
Nevada.  Between  1947  and  1964,  some  gold  ore  was  added  to  the  nation’s  reserves,  but 
depletion  through  mining  was  greater.  Total  reserves  were  maintained,  however,  through 
large  additions  of  by-product  gold  from  new  base  metal  deposits.  The  increase  in  reserves 
from  the  1964  to  the  1968  estimates  (measured  plus  indicated)  reflects  the  addition  of  the 
Carlin  and  possibly  the  Cortez  deposits  plus  new  base  metal  developments. 

The  price  of  gold  has  been  held  by  the  government  at  a  fixed  price  of  $35  an  ounce  in 
the  United  States  from  the  early  1930’s  to  early  1968  as  a  monetary  standard.  Early  in 
1968,  however,  gold  was  released  from  its  fixed  price  for  commercial  purposes  and  by 
mid-1968  had  risen  to  approximately  $40  an  ounce  in  the  United  States  market.  Some 
domestic  producers  were  being  paid  on  the  basis  of  even  higher  European  market  prices. 

Annual  United  States  production  of  gold  declined  at  an  almost  steady  rate  from  about 
2.1  million  ounces  in  1947  to  1.5  million  ounces  in  1964.  Initiation  of  production  from  the 
Carlin  deposit  in  Nevada  brought  domestic  gold  production  up  to  about  1.8  million  ounces 
in  1966.  In  1967  production  fell  to  about  1.5  million  ounces  as  a  result  of  labor  disputes  in 
most  of  the  copper  mining  industry  during  the  latter  part  of  that  year. 

The  Homestake  gold  deposit  in  South  Dakota  and  the  disseminated  copper  deposits  of 
the  West  (from  which  gold  is  recovered  as  a  by-product)  accounted  for  most  of  the  nation’s 
gold  supply  from  1947  through  1964.  Rising  costs  and  the  depletion  of  ore  make  it 
probable,  unless  new  ore  is  found  or  the  price  of  gold  is  increased  even  further,  that  the 
Homestake  deposit  will  become  economically  exhausted  within  a  few  years.  The  recent 
price  increase  of  gold  has  undoubtedly  extended  the  life  of  this  deposit,  but  continued  rising 
costs  will  probably  soon  cancel  the  benefits  of  this  price  increase. 

Gold  consumption,  although  fluctuating,  maintained  a  slow  but  more  or  less  steady 
upward  trend  until  1958.  The  trend  sharply  accelerated  after  1958  and  rapidly  widened  the 
gap  between  consumption  and  production.  This  gap  has  been  filled  by  imports.  Growth  in 
fhe  manufacturing  of  jewelry  as  well  as  in  aerospace  and  electronic  uses  apparently  caused 
the  abrupt  change  in  trend.  These  uses  of  gold  should  continue  to  grow,  and  the  projection 
of  the  trend  since  1958  indicates  an  estimated  1985  consumption  of  between  12.8  and  13.9 
million  ounces.  The  use  of  gold  substitutes  could  reduce  consumption,  while  unforeseen 
technological  changes  resulting  in  an  acceleration  of  demand  could  increase  it.  As  far  as  gold 

is  concerned,  much  depends  on  the  future  course  of  both  monetary  policy  and  the 
technology  of  gold  use. 

The  Carlin  and  Cortez  gold  deposits  should  add  substantially  to  future  domestic 
production,  compensating  for  decreased  production  from  the  Homestake  deposits. 
Nevertheless,  production  at  the  present  ($40  an  ounce)  price  of  gold  is  not  expected  to 
increase  too  much  more  than  2.8  million  ounces  by  1985,  and  could  even  decrease  (with  the 
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Table  20 


ESTIMATES  OF  MINERAL  GOLD  RESERVES  IN  THE  UNITED  STATES 


l 


Date 

Source 

Reserves 

(million  troy  ounces) 

1955 

(MF&P) 

69.0 

{measured,  indicated,  and  inferred; 
1944  estimate) 

1962 

(Min.  Res.) 

50.0 

1964 

(I.C.  8325) 

22.12 

( measured ,  indicated ,  and  inferred; 
including  by-product  goid  ores) 

1965 

(MF&P) 

20.0 

1965 

(CDS) 

20.0 

( measured  and  indicated,  including 
by-product  gold  ores) 

1967 

(CDS) 

20.0 

( measured  and  indicated,  including 
by-product  gold  ores) 

1968 

(CDS) 

54.0 

(measured  and  indicated,  including 
by-product  gold  ores) 

Sources:  MF&P  =  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 
CDS  =  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
I.C.  =  U.S.  Bureau  of  Mines  Information  Circular 


complete  closing  of  the  Homestake  Mine),  unless  new  large  deposits  similar  to  Carlin  are 
found  within  the  next  1  5  years. 

Potential  domestic  reserves  of  gold  are  quite  large,  if  the  low-grade  placer  and 
disseminated  deposits  in  the  Western  United  States  are  taken  into  account.  There  are  many 
dry  placer  deposits  in  the  areas  where  low-cost  water  for  profitable  concentration  and 
extraction  of  the  gold  are  not  presently  available.  Various  techniques  for  dry  concentration 
have  been  tried  without  success.  The  geologic  character  of  individual  deposits  and  the  state 
ot  extractive  technology  have  considerable  influence  upon  the  economics  of  mining,  so  that 
an  estimate  of  the  average  price  at  which  the  various  gold  reserves  could  be  profitably  mined 
cannot  be  accurately  forecast. 

A  rise  in  the  price  of  gold  to  say  $70  an  ounce  would  undoubtedly  stimulate  the  mineral 
industry  to  develop  profitable  extractive  methods  for  placer  and  disseminated  deposits,  as 
well  as  causing  many  previously  abandoned  low-grade  gold  mines  to  reopen.  Australia  has 
stimulated  gold  production  by  making  it  tax-free.  Canada  has  long  provided  outright 
subsidies  to  gold  mining  operations.  The  suggestion  has  been  made  that  United  States  gold 
production  could  be  encouraged  and  increased  by  raising  the  applicable  depletion  allowance 
troin  the  present  15  percent  to  30  percent.  Other  methods  have  also  been  proposed. 
Without  further  price  increases  or  cost  reductions,  or  new  discoveries,  currently  known 
primary  gold  reserves  will  probably  be  exhausted  before  1985.  Reserves  of  by-product  gold 
from  base  metal  deposits,  however,  which  presently  supply  a  little  less  than  a  third  of 
domestic  production,  will  still  be  available. 
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Table  21 


estimates  of  mineral  silver  reserves  in  the  united  states 


Date 

Source 

1955 

(MF&P) 

763.4 

1962 

(Min.  Res.) 

750.0 

1964 

(I.C.  8325) 

645.8 

1964 

(I.C.  8325) 

1,194.8 

1965 

(CDS) 

590.0 

1965 

(MF&P) 

590.0 

1965 

(MF&P) 

1,430.0 

1965 

(MF&P) 

52.7 

1965 

(MF&P) 

5.3 

1967 

(CDS) 

590.0 

i 

1968 

(CDS) 

1,320.0 

Reserves 

(million  troy  ounces) 

C measured ,  indicated,  and  inferred- 
1 944  estimate) 


(measured  and  indicated;  includes 
by-product  silver  ores) 

(measured  and  indicated  and  inferred; 
includes  by  product  silver  ores;  excluding 
copper  deposits,  reserves  =  588.3) 

( measured  and  indicated;  includes 
by-product  silver  ores,  average  grade  of  all 

reserves  0.303  of  silver) 

(measured  and  indicated ) 

(measured,  indicated,  and  inferred) 

(measured  and  indicated  in  silver  ore, 

85,  including  inferred) 

(measured  and  indicated  in  gold  ore  4.0 
including  inferred) 

(measured and  indicated;  includes 
by-product  silver  ores) 

(measured  and  indicated;  includes 
by-product  silver  ores) 


SOUrCCS:  CD^~  C  M'nera^  Facts  and  Problems,  U.S.  Bureau  of  Mines 
Mirf  Res-Z7lyiDDa,a  SummarJes’  u-s-  Bureau  of  Mines 
«.C.  -  US- c— 1 


Silver  reserve  estimates  made  since  1950  have  followed  a  pattern  equally  as  variable  as 
that  ol  gold  reserve  estimates.  In  1955,  Mineral  Facts  and  Problems,  quoting  a  1944 
estimate,  stated  that  the  nation  had  approximately  760  million  troy  ounces  of  silver  in  the 
ground.  By  1962,  this  had  dropped  to  750  million  ounces  and  by  1964  had  declined  to  less 
than  650  ounces  of  measured  and  indicated  reserves,  including  by-product  silver.  If  inferred 
ore  reserves  are  added  to  this,  the  reserve  estimate  (as  stated  in  Information  Circular  8325  of 
the  U.S.  Bureau  of  Mines)  was  nearly  1.2  billion  ounces,  including  by-product  silver.  If 
copper  ores  containing  silver  were  excluded,  however,  the  nation’s  silver  reserve  dropped 
back  to  less  than  590  million  troy  ounces.  The  latter  figure  was  the  amount  stated  as  the 
nation  s  silver  reserve  in  1965  in  the  Bureau  of  Mines  Commodity  Data  Summaries. 

Price  changes  in  silver  have,  of  course,  affected  the  reserve  status  of  silver-bearing  rocks. 
In  1968  the  Bureau  of  Mines  Commodity  Data  Summaries  estimated  measured  and 
indicated  reserves  of  silver  in  the  United  States,  including  by-product  silver,  at  1 .3  billion 
ounces.  This  is  approximately  500  million  ounces  higher  than  the  1944  estimate,  despite  the 
fact  that  from  1951  to  1967  the  nation’s  mineral  deposits  yielded  more  than  600  million 
ounces  of  silver. 

Estimated  reserves  of  silver  in  the  United  States  have  been  closely  related  to  reserves  of 
lead,  zinc,  and  copper  ores  in  which  silver  occurs  as  a  co-  or  by-product  of  the  more 
prevalent  base  metal.  Reserve  estimates  have  also  varied  according  to  subjective  estimates  of 
indicated  and  inferred  reserves,  and  the  annual  ratios  of  new  ore  discoveries  to  ore 
mined  out. 

The  increases  in  the  price  of  silver  since  the  early  1960’s,  particularly  in  1967,  have 
turned  large  amounts  of  low-grade  rock  into  ore.  Coupled  with  new  ore  discoveries,  these 
new  lower-grade  reserves  have  more  than  compensated  for  the  depletion  of  previous  reserves 
through  production  since  1947.  A  1944  estimate  (published  in  1955)  showed  total  United 
States  reserves  of  more  than  760  million  ounces  of  silver.  Despite  1951  to  1967  production 
of  more  than  633  million  ounces,  1968  reserves  of  measured  and  indicated  ore  were 
estimated  at  1.4  billion  ounces.  Approximately  one-half  of  these  total  silver  reserves, 
however,  consist  of  by-product  silver  associated  with  copper  ore,  most  of  which  is  in  large 
low-grade  disseminated  copper  deposits.  These  silver  reserves  are  thus  non-responsive  in 
nature. 

With  substantial  silver  reserves  literally  tied  to  base  metals  reserves,  increases  in  the 
demand  for  silver  cannot  be  fully  satisfied  by  increases  in  production  unless  there  are  also 
increases  in  the  demand  for  the  associated  base  metals.  Primary  silver  ore  accounted  for  less 
than  10  percent,  and  gold  plus  silver  ore  for  slightly  more  than  10  percent,  of  the  total  1965 
reserve  estimates.  Considerations  of  future  supply  and  demand  relationships  must,  therefore, 
distinguish  between  responsive  reserves  of  primary  silver  ore  and  non-responsive,  by-product 
silver  reserves. 

Nevertheless,  even  it  all  of  the  presently  estimated  silver  reserves  could  be  produced  to 
satisfy  demand,  they  would  be  exhausted  within  ten  years  at  present  rates  of  consumption. 
Most  domestic  silver  consumption  since  1947  has  been  supplied  by  imports  and  releases 
from  the  United  States  Treasury. 

Silver  production  and  consumption  followed  slightly  declining  trends  through  I960. 
Since  that  time,  however,  the  trend  of  silver  consumption  has  curved  upward  and,  since 
1963,  at  a  sharply  increased  rate.  Aerospace  and  electronic  uses,  increased  photographic 
consumption,  and  demand  from  hoarders  and  speculators  (who  correctly  anticipated  a  rise 
in  the  price  of  silver)  have  been  the  contributors  to  this  accelerated  demand.  In  1967,  total 
apparent  consumption  declined,  but  there  were  indications  that  a  drop  in  speculative  buying 
was  behind  the  decrease.  Silver  production  rose  at  a  slow  rate  from  1960  to  1966  but  fell 
in  1 967  because  ol  strikes  in  the  copper  mining  industry. 

A  lower  rate  of  increase  in  silver  consumption  than  that  of  the  1963-1967  period  is 
projected  for  the  period  to  1985.  It  is  assumed  that  the  recent  changes  in  the  price  of  silver 
and  accelerated  requirements  caused  by  the  Viet  Nam  War  stiumlated  demand  to  an 
excessive  degree  which  will  not  be  maintained  at  the  same  rate  of  increase  in  the  future. 
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Projectjons  of  future  consumption  depend  to  a  large  degree  on  whether  or  not  an  economic 
substitute  tor  silver  used  in  photographic  film  is  developed.  In  addition,  the  recent  high 
pnces  tor  silver  have  caused  an  increasing  use  of  silver-clad  copper  in  electronic  products 
reducing  the  amount  of  silver  required  for  a  given  product.  Consumption  in  1985  could 
range  from  200  million  ounces,  if  silver  substitutes  come  into  widespread  use,  to  330  million 
ounces  if  they  do  not.  A  median  estimated  range  of  about  250  million  ounces  in  1985 
would  seem  a  reasonable  consumption  forecast  at  the  present  time. 

Much  of  the  future  growth  in  silver  consumption  will  probably  accrue  from  its  use  in 
electronics.  This  industry  is  characterized  by  rapid  changes  in  technology  and  uses  of 
different  materials.  Unforeseen  technologic  changes  could  sharply  increase  or  decrease  the 
demand  for  silver,  changing  the  picture  entirely. 

The  recent  increases  in  the  price  of  silver  have  turned  lower-grade  rock  into  ore  and  have 
stimulated  production  moderately.  Most  of  the  nation’s  new  silver  is  being  produced  from 
ores  which  until  the  recent  price  increases,  owed  most  of  their  value  kT  other  metals 
principally  lead.  A  substantial  rise  in  silver  production  will  not  occur  in  the  future’ 
theretore,  unless  and  until  new  mines  principally  valued  for  silver  are  found  and  put  into 
product'on.  11  metallurgical  extraction  problems  are  solved  for  the  silver  ore  in  the  Calico 

wmnmv°H  S°h  T-  Callforma’  lar8e  °Pen  pi*  silver  mines  may  be  brought  into  being  and 
will  provide  sharply  increased  domestic  silver  output.  ® 

Exploration  for  new  silver  orebodies  is  presently  being  carried  out  at  an  accelerated 

mnMw-lfh3^  66  *ntlC!pat.®d  (barrin8  a  severe  decline  in  the  price  of  silver)  that  some  new 
nes  will  be  found  and  will  go  into  production  within  the  next  fifteen  years  Depending 

upon  the  metals  pnce,  the  rate  of  depletion  of  known  silver  deposits  and  the  rate  of 
discovery  ot  new  mines,  1 985  silver  production  may  range  from  90  to  220  million  ounces  A 

median  production  range  of  140  million  ounces  is  projected  for  1985,  on  the  basis  of 
present  exploration  activity  and  price  trends.  5 

4.  Industrial  Minerals  Reserves 

The  Paley  Report’s  estimates  of  United  States  minerals  reserves  were  not  confined  to 
mn  tbCOpmm°ddit^’  I?™  WCre  ‘he  lnaccurac*es  in  the  report  confined  , o  the  metals  In 

asbestos  ^vere^ejftremel^^small.  ^In^^ac^no^definit^esthrude^^was^made^because61!!,  ^he 

?= f  A 

Bureau  of  Mines  estimated  that  the  country  had  two  million  tons  of  asbe  tos  resets  h  i 

~:;aXii=Lasnd  half  of  which  were "  sara: 

wer^ln  v2r'me  ?f  thei  Paley  Kep°rt  ,he  °nly  known  domesl'c  asbestos  reserves  of  any  size 
nHn  i|V  r  ’  a,"d  6Ven  these  were  smal1'  United  States  Production  at  the  time  came 
principally  from  only  one  mine  in  Vermont,  with  small  intermittent  output  from  Arizona 

and  few  oilier  states.  As  a  result,  no  real  estimate  of  asbestos  reserves  was  made  in  1950 
other  than  to  note  that  they  were  small.  V5U’ 

The  Bureau  of  Mines  Materials  Survey  in  1952  estimated  on  the  basis  of  known 

S"r  1959  h3Ve  n°‘  fU'ly  take"  in‘°  3CC0Unt  these  reserves,  particuTariy 
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Table  22 


ESTIMATES  OF  ASBESTOS  ORE  RESERVES  IN  THE  UNITED  STATES 


Date 

Source 

Reserves 

(million  short  tons) 

1950 

(Paley) 

“small” 

1952 

(Mat.  Surv.) 

1.55 

{inferred) 

1959 

(Mat.  Surv.) 

1.55 

(i inferred ) 

1962 

(Min.  Res.) 

1.0 

1965 

(Mat.  Surv.) 

2.0 

(Vermont,  1 .0;  California,  1 .0; 
measured  and  indicated) 

1968 

(CDS) 

“moderate” 

1961 

(Min.  World) 

1.7 

(at  Jefferson  Lake  alone) 

Sources:  MF&P  =  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 
CDS  =  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
Paley  =  President’s  Material  Policy  Commission  ( Paley  Report ) 

Mat.  Surv.  =  Material  Survey,  U.S.  Bureau  of  Mines 

Min.  Res.  =  Mineral  Resources  of  the  United  States,  U.S.  Geological  Survey 
Min.  World  =  Mining  World 


The  Paley  Report  predicted  that  domestic  asbestos  consumption  would  in  the  future 
grow  at  a  slower  rate  than  that  which  had  been  experienced  up  to  1950.166  Demand  by 
1975  was  expected  to  increase  50  percent  (to  about  900,000  tons  per  year)  over  the 
1946-1949  period  when  consumption  averaged  about  600,000  tons  annually.  Since  then, 
despite  the  added  production  from  the  California  deposits,  domestic  output  of  asbestos  has 
remained  far  below  consumption.  Imports  (90  percent  of  which  came  from  Canada  in 
1962-1965)  have  compensated  for  the  gap  between  domestic  production  and  consumption. 
By  1985  production  of  asbestos  could  rise  from  250,000  to  350,000  tons  per  year  if 
presently  operating  deposits  are  expanded  and/or  new  ones  brought  into  production. 

A  large  portion  of  the  price  paid  by  users  for  asbestos  is  the  cost  of  transportation  from 
mine  to  marketing  or  manufacturing  facility.  The  Canadian  deposits,  in  Quebec,  are 
favorably  situated  with  respect  to  the  major  markets  in  the  Eastern  United  States,  making 
competition  from  the  deposits  in  the  Western  United  States  difficult.  Favorably  situated 
new  discoveries  of  considerably  larger  size  than  those  presently  being  used  would  be 
required  to  reduce  to  any  great  extent  the  present  dependence  of  the  United  States  upon 
imports  ol  asbestos.  Because  asbestos  is  a  relatively  high-bulk,  low-value  industrial  mineral, 
those  deposits  would  have  to  be  close  to  Eastern  and  Midwestern  markets. 

The  1950  reserve  estimates  of  other  non-metallic  mineral  commodities  have  not  been  as 
subject  to  question  as  those  for  asbestos.  In  1950  the  Paley  Report  estimated  that  the 
United  States  had  approximately  250  million  tons  of  potash  reserves  composed  of  solid 
potash  containing  a  minimum  of  14  percent  potassium  oxide  and  with  a  bed  thickness  of 
four  feet  in  addition  to  brines  averaging  2.5  percent  potassium  oxide. 
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Table  23 


ESTIMATES  OF  POTASH  AND  SODIUM  RESERVES  IN  THE  UNITED  STATES 


Potash 

Date 

Source 

Reserves 

(million  short  tons) 

1950 

(Paley) 

250 

(approximate  at  +  14  percent  K20,  minimum  bed 
thickness  four  feet,  and  brines  averaging  2.5 
percent  K20) 

1962 

(Min.  Res.) 

400 

1964 

(Landsberg) 

400 

(at  +  14  percent  K20) 

1964 

(Landsberg) 

800 

(at  10  percent  K20) 

1967 

(CDS) 

450 

( indicated ) 

1968 

(CDS) 

450 

( indicated ) 

Sodium 

Date 

Source 

1960 

354  + 

231  + 

(in  California  and  Wyoming,  as  sodium  carbonate) 
(in  California  and  Utah,  as  soldium  sulfate) 

1962 

(Min.  Res.) 

“very 

large’’ 

1965 

(MF&P.USBM 
Bull.  630) 

650 

(Soda  ash  in  Wyoming) 

1967 

(CDS) 

“large” 

Sources:  MF&P  -  Mineral  Facts  and  Problems,  U.S.  Bureau  of  Mines 
C  DS  -  Commodity  Data  Summaries,  U.S.  Bureau  of  Mines 
Paley  -  President’s  Material  Policy  Commission  ( Paley  Report) 

ofthe  United  Slates’ us- Geological  Survey 
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Urban  and  industrial  expansion  are  placing  increasing  demands  on  limestone  reserves. 
Future  production  will  come  from  deposits  at  progressively  greater  distances  from  the 
consuming  areas,  at  progressively  higher  costs.  Limestone  deposits  which  today  are  resources 

will  become,  and  are  becoming,  reserves  at  a  growing  rate,  particularly  in  the  Western  United 
States. _ 

From  1951  to  1966,  38  million  tons  of  potassium  oxide  in  potash  salts  had  been 
Produced  in  the  United  States.  By  1967,  however',  indicated  reserves  of  potash  had  increased 
to  450  million  tons.  Nevertheless,  the  differences  between  the  terms  of  the  1967  and  1950 
potash  reserve  estimates  and  the  relatively  small  tonnage  produced  compared  to  the 
original  reserve  tonnage  estimates  do  not  negate  the  validity  of  the  Paley  Report  estimate. 
While  approximately  250  million  tons  of  potash  containing  plus  14  percent  K2O  in  the  beds 
at  least  four  feet  thick,  and  brines  averaging  2.5  percent  K2O,  were  estimated  to  exist  in  the 
United  States  by  the  Paley  Report  in  1 950,  exploration  and  development  increased  these 
reserves  to  400  million  tons  in  1962  and  an  indicated  450  million  tons  in  1968. 

Potash  reserve  estimates  are  variable  according  to  grade.  In  1964  Landsberg  estimated 
domestic  reserves  at  more  than  800  million  tons  of  potash  at  a  grade  of  10  percent  or  more 
K2O  equivalent.  The  average  grade  of  ore  mined  has  fallen  in  recent  years,  which  has  helped 
to  maintain  and  increase  potash  reserves. 

The  Paley  Report  projected  1 975  domestic  consumption  of  potash  at  three  million  tons.1 6  7 
In  1966  consumption  was  just  under  four  million  tons.  The  consumption  trend  from  1947 
to  1 96 1 ,  projected  to  1975,  ranges  between  three  and  four  million  tons,  but  actual 
consumption  steepened  sharply  from  1961  to  1966.  Whether  this  accelerated  trend  will 
continue  or  whether  the  rate  of  increase  will  drop  to  a  more  moderate  figure  will  depend 
primarily  upon  agricultural  demand.  The  consolidation  of  agricultural  operations  into  fewer 
hands,  more  widespread  recognition  of  the  benefits  of  using  fertilizer,  and  a  more 
business-like  approach  to  farming  have  caused  the  accelerated  demand  of  recent  years,  aided 
by  a  corresponding  increase  in  the  use  of  fertilizers  for  home  gardening  and  exports  of 
fertilizer  materials  to  less  developed  countries.  More  than  likely,  demand  will  not  maintain 
its  recent  rate  of  increase  but  will  begin  to  level  off  over  the  next  few  years  as  the  areas  of 
potential  consumption  become  saturated. 

Production  and  consumption  of  potash  since  1 947  have  corresponded  fairly  closely. 
Beginning  in  1964,  however,  consumption  increased  at  a  faster  rate  than  production.  The 
average  grade  of  potash  mined  in  the  United  States  has  fallen,  requiring  the  mining  of  a 
greater  tonnage  simply  to  maintain,  let  alone  increase,  the  production  of  potassium  salts. 
Production  from  newly  opened  deposits  in  Western  Canada  has  compensated  for  this  gap 
between  domestic  production  and  consumption.  Domestic  potash  reserves,  however,  even  if 
the  recent  accelerated  trend  of  consumption  persists,  should  be  adequate  (though  of  lower 
grade  than  the  Canadian  ore)  for  more  than  forty  years. 

Canadian  potash  production  is  increasing  as  more  deposits  come  on-stream,  and  it  is 
expected  to  take  an  increasing  share  of  the  United  States  market.  Projections’ suggest  a 
domestic  production  range  for  1985  of  from  4.5  to  5.2  million  tons,  compared  to  a 
domestic  consumption  range  of  from  six  to  10  million  tons  of  potash.  The  Canadian 
deposits  are  farther  away  from  most  of  the  United  States  markets  than  are  the  domestic 
deposits,  however,  and  if  consumption  continues  to  increase  at  the  1960-1966  rate,  the 
differential  in  transportation  costs  might  allow  domestic  mines  to  expand  production  and 
compete  successfully  with  the  Canadian  output.  Domestic  potash  production  might  then 
rise  more  steeply  to  seven  or  eight  million  tons  per  year  by  1985,  depending  upon  demand. 

The  discovery  of  new  potash  deposits  in  the  United  States  could  also  result  in  increased 
domestic  production.  In  that  portion  of  the  Prairie  Evaporites  formation  which  lies  within 
the  United  States  (in  North  Dakota),  deep  potash  deposits  are  known  to  exist  and  these 

might  become  significant  in  the  future  if  techniques  of  solution  mining  are  sufficiently 
improved. 

Relatively  small  production  since  World  War  II  of  sodium  minerals  has  tended  to 
support,  or  at  least  has  not  detracted  from,  earlier  mineral  reserve  estimates.  Although  the 
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ReP°rt  did  not  make  estimates  for  reserves  of  sodium  carbonate  or  sodium  sulfate 
serves  were  estimated  in  1960  for  sodium  sulfate  at  354  million  tons  nine  in  rai  f  •  ’ 
and  Utah,  in  the  period  from  1949  to  1967,  only  about,!  m'ltn  tons  ofsoLnZZe 

rndhontonTof  the  T  ^ri0d  ab°Ut  '5 

=l=as=;iI=s-£= 

sodium  carboVnatTeTceed  ISO  ml7  tons^t  Searle^  ™.nerafis|.fPrese"t'y  Known  reserves  of 
m  the  Green  River  area  of  wZS  Ta  Sear®s  Uke’  California,  and  650  million  tons 

estimated  at  23?mdhon  to7 Td^Gre^'^i'f  p‘6  !*T!  SearleS  Lake  have  *><*" 

million  tons.  Numerous  other  deposits  of  unrict  “  *’  a"  ^tah’  contalns  an  estimated  30 
Western  United  States.  P  undetermined  size  are  scattered  throughout  the 

^ 9b^  Commodity  Data  Summaries  lists  reserves  of  trona  (at  53  tn  m 

sodium  carbonate)  and  sodium  sulfate  fat  a  ne  ao  A  {  at  to  61  Percent 

.ports  have  no,  made  reserve^sSe^r 

new^rese^^ias'far'outstripp'ed'pioduchfon00']'^  c6^!5'1!06  T’  ““  ^  deVe,°Pme"‘  of 
carbonate  has  increased,  however  and  current  in  a  °  producin8  manufactured  sodium 

foreseeable  future  that  will  be  a  shift  toward  T  projef tlons  suggest  that  within  the 
supply  bC  3  Shlft  tOWard  greater  dependence  upon  natural  sources  of 

SSl‘iill;SSH=~3 

deposits  than  there  are  outlets  for  production  from  them'*  **  m°re  k"°Wn  S°d'Um  SUlfate 

less  steady  until  1958  andTZl! 'respectWely^fter  wh •ah<thSOdh,m  carbonate  were  more  or 
accelerated  rates,  the  1985  sodium  sulfate^  a  a-  ic^  ^ey  began  rising.  Projected  at  the 

approximately  2.6  to  2.9  and  10.2  to  10  7  million  Um  C3rbonate  consumption  ranges  are 
projection  of  the  slower  1947-1965  rates  the  198S  ^  S  per  year>  respectively.  Based  on  a 
2.2  and  from  8.4  to  9.4  million ton,  t  ’ v!  ,  consumptions  should  range  from  1.8  to 

plastic)  for  kraft  paper  products  could  advers^lvVffe^/snd11111110^01  other  materia,s  (e-g-, 
production  of  sodium  sulfate  will  probably  vary  in  step  with  Mi"e 

rates  ^more  Znlo^eTrs'^mdarlv  ZdT'  ‘°  3t  the  projec,ed  1985 

reserves  are  good  for  more  than  90  vears  Inrre1^6*31^1'18  ocatlon  lactors.  sodium  sulfate 

new  or  expanded  useTcould  of  cou^'  chanae  the"  ST*  77  the  devel°Pme"* 
location  of  consuming  industries  ’  8  6  picture-  So  also  could  shifts  in  the 

uselnLk:Z:  tTeT  oTZS^\VdT  S‘fsa--b  are  overwhelming.  Total 
restricted  to  types  having  particular^  II,  f'  are  ,,"llted-  Know"  useful  reserves  are 
them  valuable  for  specific  uses  Useful  reserved  fP  ysica  characteristics  which  make 

s=ar»i 


196 


distance  from  the  using  areas  (e.g.,  in  Pennsylvania).  The  net  result  is  that  the  cost  of 
limestone  has  been  increased  by  greater  transportation  costs,  which  constitute  a  large 
portion  of  the  final  price  of  limestone  products. 


Fig.  81  -  Area  on  the  edge  of  the  Colorado  Plateau  containing  extensive  limestone  deposits  now  being 
utilized  in  the  production  of  cement.  As  demand  for  construction  materials  has  grown  in  various  parts  of 
the  West,  the  utilization  of  undeveloped  limestone  deposits  has  increased. 
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D.  SUMMARY 


,Q.Ya"°us  est,mates  have  been  made  of  the  mineral  reserves  of  the  United  States  since 
1947.  rhese  estimates  have  not  been  substantiated  by  subsequent  production  figures  nor 
have  they  agreed  one  with  another.  The  reasons  for  the  inaccuracies  of  mineral  reserve 
estimates  are  basically  two.  First,  they  have  been,  and  still  are,  based  on  geologic  knowledge 

limited lncomp  ete'  Present  geologic  knovdedge  of  the  nation’s  minerals  is  in  fact  extremely 

Second,  and  perhaps  even  more  important,  estimates  of  valuable  mineral  reserves  have 
aeen  and  are  based  on  assumptions  about  future  economic  and  technological  conditions 
Such  assumptions  have  been  notoriously  erroneous.  Coupled  with  the  basic  problem  of 
.orecasting  future  economic  and  engineering  parameters  is  the  additional  problem  that 
economic  forecasts  very  often  have  a  direct  influence  on  the  very  items  that  they  are 
predicting.  For  example,  a  forecast  of  high  production  will  induce  firms  to  increase 
productive  capacity  and  produce  more,  thereby  validating  the  forecast.  Conversely  and  yet 
similarly,  a  forecast  of  declining  consumption  may  induce  greater  sales  effort' thereby 
increasing  consumption  and  refuting  the  forecast.  ’  y 

So  it  has  been  with  mineral  reserve  estimates  and  so  it  is  likely  to  be.  In  many  instances 
(e.g.,  uranium),  estimates  of  inadequate  ore  reserves  to  supply  expected  demand  have 
stimulated  exploration  for  additional  reserves  which  have  been  found,  thereby  increasing 

szzxsssir  «"•“ 6  ->  ••  «** » zs 

.  There  have.  b®en  changes  in  domestic  mineral  reserve  estimates  since  1 947.  Total  reserves 

'rrd  f°rhnearly  al>  the  nonfuel  mineral  commodities  with  the  exceprion  of 
tungsten,  ior  which  reserves  have  decreased.  This  generally  rosy  picture  is  somewhat 

tTe  exisntencethof  mwhic°h  ““  ‘"'‘“I6  °n‘y  S'ightly  pr°bable  reserves, 

the  existence  o.  which  may  or  may  not  be  substantiated  by  future  exploration 

development,  cost  increases,  and  price  changes.  Technology  must  be  improved^  allow 

profitable  extraction  of  resources  in  the  face  of  continually  rising  costs  Such  “inferred” 

reserves  generally  constitute  50  percent  or  more  of  the  total  reserve  estimates  for  the  various 

mineral  commodities,  and  then  actual  existence  cannot  be  guaranteed  The  highly  probable 

and  moderately  probable  (measured  and  indicated)  ore  reserves  capable  of  sarisfv^ 

increasing  industrial  demand  for  minerals  over  the  next  two  decades  are  not  as  plentiful* 

then,  as  current  estimates  would  suggest.  p  ’ 

Given  a  favorable  political  and  economic  climate,  new  ore  reserves  will  probablv 

continue  to  be  discovered  and  developed  in  the  United  States,  and  production  will  be 

maintained  at  rates  in  keeping  with  demand.  If  exploration  and  development  are  restricted 

n  °r  an?ther’  however>  responsive  ore  reserves  could  rapidly  be  depleted  and  the 

“  taeS  CZld  eafy  b“  dependent  upon  foreign  sources  of  supply  as  Is  now  the 
case  with  a  limited  number  of  commodities. 

Reserves  of  most  of  the  non-metallic  mineral  commodities  have  been  increased  more 
than  they  have  been  depleted  by  production  since  1947.  Part  of  this  has  been  through 

re0cnogm,ionde„V;1riPmen!  °f  “"T"  dep°sits  at  0peratin«  Increa^g  demand  for  and 
Irimn?  ‘he  value  and  potential  uses  of  non-metallic  mineral  commodities  has 

Western  Unked  Stares  T  “  “'e  discovery  of  many  new  deposits,  largely  in  the 

there  deporitfar  '  ^urrentlv0  data  are  n°*  yet  available.  Most  of 

deposits  are  currently  m  the  inferred  category  because  of  economic  rather  than 

geo  ogic  factors  because  of  their  greater  distance  from  established  markets  than  competing 

denoT8’  u"k  b“aUSVhey  have  simPly  not  been  developed.  More  and  more  of  these 
and  e^tW1  beCOme  valuable  mineral  reserves  as  urban  and  industrial  development  expand 

of  consumnpgtio°nUrCeS  Pr°dUC,10n  become  exhaus(ed  or  become  more  removed  from  areas 

snitfhil  KXTP!e’  a  brifk  manufacturing  company  in  Phoenix,  Arizona  ran  short  of  a 
1  °b  C  bnck  Clay  suppIy  ln  the  earIV  1960*s.  Exploration  followed,  with  the  discovery  and 
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development  of  a  clay  deposit  east  of  Tucson,  Arizona,  more  than  125  miles  away  from 
Phoenix.  Similarly,  gypsum  deposits  near  Winkelman,  Arizona,  were  of  relatively  little  value 
until  1960  when  a  wallboard  plant  using  these  deposits  as  a  source  of  supply  was 
constructed  in  Phoenix.  The  Winkelman  deposits,  more  than  50  miles  away,  are  now  an 
essential  source  of  supply  for  the  Phoenix  wallboard  plant,  and  the  wallboard  plant  is  an 
essential  market  for  what  are  now  valuable  gypsum  deposits. 

Sand  and  gravel  pits  are  commonly  considered  unpleasant  nuisances  more  than  anything 
else.  Yet  adequate  supplies  of  suitable  sand  and  gravel  have  become  so  short  in  the  Bay  Area 
around  San  Francisco  that  these  mineral  commodities  are  hauled  in  from  more  than  100 
miles  away.  The  distance  from  the  resource  to  the  market  has  increased,  resulting  in  an 
increased  cost  to  the  consumer.  The  same  is  true  of  many  other  industrial  minerals  used  in 
construction.  Suitable  limestone  deposits  for  cement  manufacture  have  been  considered  so 
essential  to  future  development  that  they  have  been  acquired  by  some  cement  companies  in 
Arizona  more  than  20  years  in  advance  of  anticipated  need. 

The  total  mineral  resources  of  the  nation  and  the  West  include  both  known  and 
unknown  volumes  of  specific  mineral-bearing  rock  which  may  become  ore  at  some  future 
date  but  which  are  not  presently  proven  to  exist  geologically  or  are  not  of  sufficient  grade 
to  be  considered  ore.  Less  than  40  percent  of  the  total  in  most  published  mineral  reserve 
estimates  is  measured,  useful  ore,  and  in  some  cases  less  than  10  percent  of  the  total  reserves 
are  responsive  ore  reserves.  Many  mineral  commodity  reserve  estimates,  therefore,  have  been 
generally  misleading  in  that  they  have  included  large  tonnages  of  rock  which  could  not  be 
relied  upon  to  satisfy  demand  at  any  specific  time. 

Many  economic  relationships  dictate  whether  a  given  mineral  deposit  is  to  be  considered 
an  actual  or  potential  ore  reserve.  These  relationships  may  change  at  any  time  through 
technological  developments,  changes  in  demand,  in  tax  rates,  in  wage  rates,  in  materials 
costs,  in  the  cost  of  capital,  and  in  many  other  factors.  The  degree  to  which  domestic 
production  is  shielded  from  foreign  competition  sometimes  makes  the  difference  between 
ore  reserve  and  resource  for  some  mineral  deposits.  In  some  instances,  federal  stockpile 
policies  may  have  similar  effects. 

Tax  policies  which  require  the  payment  of  a  property  tax  on  mineral  in  place  penalize 
the  development  of  ore  reserves,  so  that  measured  or  proven  reserves  are  not  usually 
developed  far  in  excess  of  immediate  requirements.  Under  normal  practice,  new  reserves  are 
developed  as  old  reserves  are  mined  out,  insofar  as  is  possible,  for  a  given  deposit.  In  some 
deposits  this  requires  considerable  exploration,  with  marginal  chances  of  success.  For  others, 
the  process  is  more  one  of  proving  up  what  is  already  strongly  suspected  to  exist.  Known 
reserves  thus  change  constnatly  according  to  the  rate  of  discovery,  the  amount  of  new  ore, 
and  the  rate  of  production. 

The  recognition  of  impending  future  shortages  of  a  mineral  commodity  or  an  increase  in 
demand  has  spurred  exploration  (particularly  since  the  Paley  Report  estimates)  with  the 
frequent  development  of  additional  reserves,  which  have  in  most  cases  increased  more 
rapidly  than  they  have  been  depleted  by  production.  One  cannot,  in  most  cases,  however, 
predict  the  rate  at  which  new  ore  is  discovered  and  developed,  nor  its  amount,  nor  if  it  will 
be  discovered  at  all.  For  example,  despite  strong  demand,  to  date  there  have  been  no  tin  or 
platinum  deposits  of  consequence  found  in  the  United  States. 

Ore  reserves  are  generally  developed  not  far  in  excess  of  the  amount  required  to  recover 
the  initial  investment  plus  a  reasonable  profit.  Usually  this  involves  an  expected  life  for  the 
deposit  ot  trom  10  to  25  years.  For  some  large,  easily  explored  deposits  and  for  deposits 
requiring  a  very  high  original  capital  investment,  the  anticipated  life  may  be  longer.  The 
development  of  reserves  in  excess  of  those  required  for  profitable  operation  is  penalized  by 
prevalent  tax  laws,  so  that  the  total  possible  reserves  of  a  deposit  are  rarely  developed  at  one 
time. 

Prudent  mining  practice  dictates  the  maintenance  of  an  exploration  and  development 
program  of  a  size  in  keeping  with  profitable  operations  so  that,  hopefully,  ore  mined  out  is 
replenished  by  the  discovery  and  development  of  new  ore.  Thus,  indicated  ore  is  further 
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developed  and  becomes  measured  ore;  inferred  ore  may  become  indicated  ore-  and  new 
reserves  of  inferred  ore  may  be  estimated.  The  amount  of  new  ore  developed  in  a  mine  will 
vary  from  year  to  year  according  to  the  character  of  the  deposit,  or  deposits,  and  the  success 
ratio  in  discovery.  Net  reserves,  of  course,  depend  also  upon  the  rate  of  mining 

Ore  reserves  in  some  deposits  cannot  be  completely  proven  without  excessive 
expenditures  and,  in  a  strict  sense,  remain  indicated  or  inferred  until  they  are  proven  by 
removal  from  the  ground.  The  accuracy  of  many  reserves  is  really  only  proven  ordisproven 
by  mining,  and  reserve  estimates  are  subject  to  constant  fluctuation  In  some  cases 

mlsleal  i  h°Je  lnformation  UP°"  which  estimates  have  been  based  may  be  completely 
misleading  and  subsequent  development  and  mining  may  result  in  a  drastic  gain  or  loss  in 

ad  (S'  h  “,e  f;r  lnVOlT8  the  sP°ntaneous  combustion  of  massive  sulfides  exposed  to 
r,  flooding  by  underground  water,  and  cave-ins  may  cause  sudden  losses  of  reserves  iust  as 

resets  S‘  3  ',eading  ^  6XP°Se  ^nown  ore  and  suddenly  increase 

resourecTVredicta,onsVo7  iTe"'  T  reliabili,y.  *"en  to  the  various  categories  of  reserves  and 
resources.  Predictions  of  the  adequacy  or  inadequacy  of  known  reserves  of  a  mineral 

commodity  to  satisfy  future  demand  are  generally  given  in  terms  of  total  or  unspecified  (as 

of  denlebon  fro6"'65'  ‘'eSerVe?  rarely  agree  with  subsequent  estimates  after  deduction 

resets  In  r0™.",ming  because  of  the  continued  exploration  for  and  development  of  new 
reserves  In  addition,  wars,  depressions,  and  technological  changes  are  relativelv 

resets0  H  C  ‘aCt°rS  whlch.  Prevent  accurate  forecasts  of  the  ability  or  inability  of  known 
serves  and  resources  to  satisfy  future  consumption  demands 

zinz  sr  ”  ;°r 

lT'Zzzrl::',fr  ""■»  »i,ithZp.r«"i 

zlE  ess 

estimates  is ’that  they  are  on  “erttaSE*1 ^‘hiV^o.^aniS1gabOUt  “ 
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Fig.  82  -  Deposit  of  limestone  formerly  used  in  the  production  of  cement  near  Gold  Hill  in  Southern 
Orefnn.  Although  the  mineral  deposit  remains  unchanged,  varying  economic  conditions  have  resulted  in  the 
//siting  of  production  operations  and  in  effect  have  decreased  national  limestone  reserves  by  the  size  of  this 
deposit  For  most  industrial  minerals,  however,  even  the  concept  of  national  reserves  is  meaningless  since 
markets  are  almost  always  local  or  regional. 
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CHAPTER  6 


MINERAL  RESOURCES  ON  THE  PUBLIC  LAND 


Are  certain  public  land  areas  likely  to  become  targets  for  nonfuel  minerals 
exploration  and  development  before  1985? 

A.  MINERAL  PRODUCING  DISTRICTS  AND  PUBLIC  LAND  AREAS 
1 .  California 

The  intensive  development  of  mineral  resources  in  the  American  West  began  on  public 
lands  in  California.  Public  lands  still  cover  a  substantial  area  of  the  state.  Of  California’s 
total  area  of  more  than  100  million  acres,  more  than  44  percent  is  owned  by  the  federal 
government.  Of  the  total  under  federal  ownership,  slightly  more  than  42  million  acres  are  in 
the  original  public  domain,  while  about  two  million  acres  have  been  acquired. 

The  United  States  Bureau  of  Land  Management  and  the  United  States  Forest  Service 
have  been  charged  with  responsibility  for  major  portions  of  the  public  land  in  California. 
Approximately  one-third  of  the  public  land  (more  than  15  million  acres)  in  California  is 
under  the  jurisdiction  ot  the  Bureau  of  Land  Management.  The  Forest  Service  has  direct 
jurisdiction  over  an  even  larger  amount,  however,  approximately  20  million  acres.  The 
remainder  of  the  public  land  in  California  is  controlled  largely  by  the  National  Park  Service 
and  the  Department  of  Defense  save  for  minor  amounts,  control  of  which  is  fragmented 
among  numerous  other  federal  agencies. 

Most  of  the  public  land  that  is  open  to  mineral  resource  utilization  in  California  is 
located  in  the  eastern  and  southeastern  portions  of  the  state.  Considerable  portions  of  that 
land  geologically  attractive  for  mineral  utilization  at  the  present  time  are  still  controlled  by 
federal  agencies.  In  the  north,  areas  of  the  coast  ranges  and  the  Sierra  Nevada  are  largely 
under  the  jurisdiction  of  the  Forest  Service  with  significant  amounts  of  public  land  around 
the  fringes  of  the  Forest  Service  areas  under  the  control  of  the  Bureau  of  Land  Management. 
Large  areas  of  the  Sierra  Nevada  and  more  mountainous  areas  in  Central  and  Southern 
California  are  also  under  the  jurisdiction  of  the  Forest  Service.  Most  of  the  area  in  the 
Mohave  Desert  region  of  Southeastern  California  that  is  not  within  restricted  areas  used  by 
the  Department  of  Defense,  or  within  established  national  parks  and  monuments,  is  under 
the  jurisdiction  of  the  Bureau  of  Land  Management.  By  far,  the  bulk  of  this  is  in  the  arid 
regions  of  Southeastern  California. 

Mineral  development  began  in  California  with  the  production  of  mercury  from  the  coast 
ranges  and  the  mining  of  gold  in  the  western  foothills  of  the  Sierra  Nevada.  Significant  areas 
in  both  the  coast  ranges  and  the  western  foothills  of  the  Sierra  Nevada  are  still  under  the 
ownership  of  the  federal  government  and  are  administered  by  the  Bureau  of  Land 
Management.  Those  valley  lands  in  which  much  of  the  early  placer  gold  mining  took  place, 
however,  have  virtually  all  passed  from  federal  ownership.  Nearly  all  of  the  central  valley  of 
California  now  devoted  to  urban,  industrial,  and  agricultural  uses  is  in  private  hands. 

Although  the  areas  initially  most  productive  of  mineral  resources  in  California  have 
passed  from  the  public  domain,  the  areas  in  which  existing  mineral  resources  are  being 
developed  and  the  areas  which  have  the  greatest  potential  for  future  mineral  resource 
utilization  are  still  under  the  jurisdiction  of  the  federal  government. 

These  include  the  national  forests  in  the  mountainous  regions  of  Northern,  Central,  and 
Southern  California,  areas  in  the  southeastern  Mohave  Desert  region  administered  by  the 
Bureau  of  Land  Management,  some  of  the  lands  in  the  western  foothills  of  the  Sierra 
Nevada,  the  coast  ranges,  and  areas  in  the  northeastern  part  of  the  state  near  the  Nevada 
border. 
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Table  24 


FEDERAL  LAND  IN  THE  WESTERN  STATES 
As  of  June  30,  1966 


State 

Area  Owned  by  the 
Federal  Government 

Percent  of 

(acres) 

Total  State 

Arizona 

32,450,805 

44.6 

California 

44,366,704 

44.3 

Colorado 

24,038,439 

36.2 

Idaho 

34,015,623 

64.3 

Montana 

27,638,884 

29.6 

Nevada 

60,971,262 

86.8 

New  Mexico 

26,726,733 

34.4 

Oregon 

32,184,820 

52.2 

Utah 

35,180,735 

66.8 

Washington 

12,553,655 

29.4 

Wyoming 

30,004,331 

48.1 

Sub-total: 


Total  United  States:  764,762,128  33.7 


Source  of  Data:  United  States  Department  of  the  Interior,  Bureau  of  Land 

Management,  Public  Land  Statistics,  1967.  p.  1  1 


There  are  a  number  of  large  areas  within  economic  distance  of  both  California’s  major 
metropolitan  markets  (i.e.,  San  Francisco  and  Los  Angeles)  that  are  still  under  the  control 
ot  the  federal  government  and  which  are  suitable  for  the  present  and  future  utilization  of 
mineral  resources,  including  both  industrial  minerals  and  metallics.  Probably  the  most  likely 
areas  for  future  mineral  resource  utilization  in  California,  however,  are  in  the  Mohave 
Desert  (which  is  still  largely  under  the  control  of  the  Bureau  of  Land  Management)  and  in 
the  Sierra  Nevada.  Scattered  areas  throughout,  the  coast  ranges  are  also  geologically 
attractive  under  current  and  expected  conditions.  Thus,  federal  land  policies  with  respect  to 
mineral  lesources  and  their  utilization  should  have  a  definite  future  impact  upon  the 

development  of  mineral  resources  in  the  state  of  California,  just  as  they  have  since  before 
1 850. 


2.  Nevada 

Nevada  was  the  second  Western  state  to  experience  substantial  mineral  resource 
development.  The  state  still  contains  the  largest  amount  of  public  land  area  in  the  48 
contiguous  United  States.  Of  Nevada’s  total  area  of  slightly  more  than  70  million  acres, 
nearly  87  percent  is  under  federal  ownership  and  control.  Most  of  this  (nearly  48  million 
acres)  is  under  the  jurisdiction  of  the  Bureau  of  Land  Management.  About  five  million  acres 
are  undei  the  control  ot  the  Forest  Service,  while  other  substantial  acreages  of  the  state  are 
administered  by  the  Atomic  Energy  Commission,  the  Defense  Department,  the  National 
1  ark  Service,  the  Bureau  of  Sports  Fisheries  and  Wildlife,  and  the  Bureau  of  Reclamation. 
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With  nearly  all  of  Nevada  still  owned  by  the  federal  government,  it  is  inevitable  that 
many  of  those  areas  of  the  state  most  suitable  geologically  and  economically  for  future 
mineral  resource  utilization  are  within  areas  directly  affected  by  federal  land  policies.  To 
us  ate,  comparatively  little  of  Nevada’s  land  has  passed  to  private  ownership  even  in  those 
areas  on  the  eastern  edge  of  the  Sierra  Nevada  which  were  initially  explored  and  developed 
or  their  mineral  resources  in  the  1800’s.  These  areas,  extending  from  Reno  on  the  north  as 
far  south  as  Tonopah  and  Goldfield,  are  still  attractive  for  mineral  resource  utilization. 
I  hese  areas  are  largely  controlled  by  the  federal  government  through  the  Bureau  of  Land 
Management.  Those  mining  areas  in  the  eastern  part  of  the  state,  near  Ely  and  Pioche,  are 
a  so  argely  under  the  jurisdiction  of  the  Bureau  of  Land  Management.  The  same  is  true  of 
those  areas  m  the  northern  part  of  the  state  near  Carlin  and  Battle  Mountain.  Even  in 
Southern  Nevada,  areas  around  the  Las  Vegas  metropolitan  area  which  are  both  geologically 
and  economically  appropriate  for  the  future  development  of  both  metallic  and  non-metallic 
mineral  resources  are,  in  most  respects,  under  the  administration  of  the  Bureau  of  Land 
Management. 

Areas  of  Nevada  under  the  control  of  the  Forest  Service  are  scattered  mostly  throughout 
t  e  central  and  northern  parts  of  the  state.  These  areas,  particularly  in  the  east  and 


Fig.  83  -  High  in  the  Sierra  Nevada  between  California  and  Nevada.  The  mountains  themselves  are  still 
under  federal  ownership  as  are  many  of  the  areas  along  the  eastern  and  western  edges  of  this  massive 
intrusion  where  early  mineral  resources  were  developed.  Virtually  all  other  mountain  ranges  in  the  West  are 
also  owned  by  the  federal  government  with  most  high  mountainous  areas  administered  by  the  United  States 
Forest  Service. 
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northeast,  are  also  favorably  situated  for  the  future  development  of  mineral  resources.  The 
same  is  true  of  those  areas  controlled  by  the  Bureau  of  Reclamation  and  the  National  Park 
Service  in  far  Southern  Nevada.  The  mineral  potential  of  those  parts  of  Nevada  under  the 

control  ot  the  Bureau  of  Sports  Fisheries  and  Wildlife  and  the  Atomic  Energy  Commission  is 
virtually  unknown. 


3.  Montana 

From  early  activity  in  California  and  Western  Nevada,  development  of  the  mineral 
resources  of  the  West  spread  rapidly  throughout  many  of  the  Western  States.  One  of  the 
earliest  regions  to  gain  attention  was  the  mountainous  region  of  Western  Montana.  Today 
more  than  27  million  acres  of  Montana’s  total  93  million  acres  (nearly  one-third  of  the 
state)  are  owned  by  the  federal  government.  Of  this  total,  only  about  eight  million  acres  are 
administered  by  the  Bureau  of  Land  Management.  By  far  the  greatest  portion  of  the  acreage 
under  the  control  of  the  Bureau  of  Land  Management  is  in  the  eastern  agricultural  regions  of 
the  state,  although  there  are  significant  Bureau  of  Land  Management  areas  in  the 
mineral-producing  southwestern  region  and  scattered  throughout  the  rest  of  the  state  as  well. 

The  Forest  Service  is  responsible  for  the  administration  of  nearly  1 7  million  acres  in 
Montana,  and  most  of  these  are  in  the  western  part  of  the  state  in  areas  with  a  high  potential 
for  future  mineral  resource  development.  Virtually  the  entire  portion  of  Montana  lying  west 
and  southwest  of  Helena,  the  state  capital,  is  under  the  jurisdiction  of  the  federal 
government,  largely  in  lands  administered  by  the  Forest  Service  but  also  in  lands 
administered  by  the  Bureau  of  Land  Management.  Most  of  the  private  land  in  this  part  of 
Montana  is  in  the  river  valleys,  reflecting  the  early  importance  of  placer  mining  and 
agricultural  activity.  There  is  little  doubt  that  many  areas  in  the  western  part  of  Montana 
that  are  most  attractive  both  economically  and  geologically  for  future  nonfuel  mineral 
resource  utilization  are  now  held  by  the  federal  government. 

4.  Idaho 


A  similar  situation  exists  in  the  neighboring  state  of  Idaho,  which  also  saw  early  mineral 
development  tor  precious  metals  and  where  existing  resources  of  base  metals  and  phosphates 
are  likewise  important.  Nearly  two-thirds  of  Idaho’s  53  million  acres  are  owned  by  the 
federal  government.  Of  the  total  of  approximately  34  million  acres  under  federal  ownership 
in  Idaho,  more  than  20  million  acres  are  under  the  supervision  of  the  Forest  Service.  Nearly 
all  ol  the  remainder  (i.e.,  more  than  12  million  acres)  is  administered  by  the  Bureau  of  Land 
Management. 


Most  ol  the  land  administered  by  the  Bureau  of  Land  Management  in  Idaho  is  in  the 
southern  part  of  the  state  with  a  particularly  heavy  concentration  in  the  southwest.  The 
state’s  Forest  Service  land,  on  the  other  hand,  is  mostly  in  the  central  pan  handle  and  in  the 
northern  part  of  the  state,  although  there  is  also  substantial  Forest  Service  land  along  the 
eastern  border  with  Wyoming.  The  location  of  the  land  that  has  passed  to  private  ownership 
in  Idaho  reflects  the  early  development  of  agricultural  activity  on  the  east,  in  the  Idaho  Falls 
and  Poctello  areas  (where  there  is  comparatively  less  federal  land  ownership),  and  the 
development  of  mineral  resources  in  the  Coeur  d’Alene  region  of  far  Northern  Idaho  (where 
there  are  also  substantial  amounts  of  private  land).  The  development  of  agriculture  on  the 
western  border  of  Idaho  is  also  reflected  in  the  relatively  larger  percentage  of  private  land 
along  the  Washington  and  Oregon  borders. 

A  large  part  of  the  national  forest  area  in  Idaho  is  in  the  mountainous  region  created  by 
file  Idaho  Batholith.  The  interior  of  this  intrusive  igneous  area  has  been  (in  the  past) 
i datively  unattractive  for  the  development  of  resources  of  base  and  precious  metals. 
Nevertheless,  the  development  of  new  mineral  resources  associated  with  the  interiors  of 
large  igneous  intrusions  rather  than  with  the  fringes  of  such  rock  masses  could  make  large 
areas  of  Central  Idaho  now  under  the  jurisdiction  of  the  Forest  Service  attractive  for  future 
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mineral  utilization.  There  also  remain  significant  areas  in  the  Coeur  d’Alene  district  that  are 
under  the  jurisdiction  of  the  Forest  Service  and  which  are  still  (and  perhaps  even  more) 
suitable  geologically  and  economically  for  base  and  precious  metals  occurrence. 

In  Eastern  Idaho,  that  portion  of  the  state  that  falls  within  the  western  phosphate  field 
is  currently  both  geologically  and  economically  attractive  for  mineral  resource  development. 
While  the  amount  of  private  land  in  this  region  is  comparatively  high,  there  remain 
sufficiently  large  areas  under  the  control  of  both  the  Forest  Service  and  the  Bureau  of  Land 
Management  to  make  federal  land  policies  significant  in  the  development  of  the  mineral 
resources  of  this  part  of  the  state. 

Parts  of  Western  Idaho  now  controlled  by  the  Forest  Service  and  the  Bureau  of  Land 
Management  fall  within  the  Columbia  Plateau  region,  an  area  covered  by  extensive 
formations  of  extrusive  igneous  rock.  Heretofore,  these  areas  have  been  relatively 
unattractive  lor  minerals  exploration.  With  the  development  of  methods  for  mineral 
detection  at  depth,  however,  and  with  the  growing  significance  of  regional  geologic  studies, 
there  is  little  doubt  that  the  Columbia  Plateau  could  become  one  of  the  West’s  foremost 
areas  of  mineral  resource  utlization  within  the  next  two  decades.  As  a  result,  federally 
owned  and  controlled  areas  in  Western  Idaho  may  also  become  significant  in  the  mineral 
resource  picture  of  the  state. 


Fig.  84  -  Mountainous  area  in  Western  Montana  typical  of  the  forested  areas  in  both  Idaho  and  Western 
Montana  that  are  owned  by  the  federal  government  and  supervised  by  the  Forest  Service.  Many  such  areas 
contain  known  mineral  resources  and  have  yielded  substantial  amounts  of  mineral  production.  In  other 
areas,  mineral  resources  are  relatively  unknown  and  undeveloped. 
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5.  Washington 


The  development  of  mineral  resources  in  the  Pacific  Northwest,  in  Oregon  and 
Washington,  has  been  relatively  slight  compared  to  the  development  that  has  taken  place  in 
the  remainder  of  the  West.  This  has  been  largely  caused  by  the  extent  of  the  Columbia 
Plateau  volcanics  which  cover  and  hide  potentially  valuable  mineral  resources,  as  well  as  by 
the  extensive  vegetation  cover  on  the  Pacific  slope  of  the  Cascades.  Agriculture  and  urban 
development  have  been  far  more  important  in  these  two  states,  and  the  existing  pattern  of 
land  ownership  reflects  this  development. 

Washington  shares  with  Montana  the  distinction  of  having  considerably  less  federal  land 
within  its  borders  than  the  other  Western  States.  Approximately  29  percent  of  Washington’s 
nearly  43  million  acres  are  under  federal  ownership.  Most  of  this  land  is  in  the  Cascade 
Mountains  in  the  central  portion  of  the  state  and  in  the  mountainous  region  along  the 
northern  border  with  British  Columbia.  Of  Washington’s  more  than  12  million  federal  acres, 
approximately  10  million  are  under  the  jurisdiction  of  the  Forest  Service,  with  only  a 
quarter  of  a  million  acres  administered  by  the  Bureau  of  Land  Management.  The  National 
Park  Service,  largely  in  Mt.  Rainier  and  Olympic  National  Parks,  controls  far  more  land 
(over  one  million  acres)  in  Washington  than  does  the  Bureau  of  Land  Management. 

Most  ot  the  land  that  is  administered  by  the  Bureau  of  Land  Management  in  Washington 
is  in  scattered  small  acreages  throughout  the  eastern  and  northeastern  portions  of  the  state, 
mostly  north  of  the  Columbia  Plateau  and  along  the  eastern  slope  of  the  Cascades.  Most  of 
the  Forest  Service  land,  on  the  other  hand,  is  in  the  west  central  portion  of  the  state, 
extending  from  the  Columbia  River  on  the  south  to  the  border  with  British  Columbia  on  the 
north  and  covering  virtually  all  of  the  Cascade  Range.  The  Forest  Service  also  controls 
relatively  small  acreages  in  the  northeastern  portion  of  the  state  and  on  the  Olympic 
Peninsula  in  the  northwest. 

Although  in  the  past  the  most  conspicuous  utilization  of  Washington’s  nonfuel  mineral 
resources  has  been  in  Eastern  Washington,  other  areas  of  the  state  have  also  had  significant 
mineral  resources  and  still  possess  a  high  potential  for  future  mineral  resource  development. 
Undoubtedly  one  of  the  most  geologically  attractive  areas  for  future  mineral  resource 
discovery  in  Washington  is  in  the  North  Cascades  region.  In  the  past  there  has  been 
significant  mineral  industry  activity  in  that  region  because  of  its  known  resources  of 
precious  metals.  The  potential  for  the  area’s  future,  however,  involves  deposits  of 
non-ferrous  base  metals  as  well  as  precious  metals.  Because  most  of  the  region  is  under 
lederal  control,  federal  land  policies  will  have  (and  have  had)  a  significant  impact  on  the 
utilization  of  the  mineral  resources  of  the  Cascades  area  of  Washington. 

6.  Oregon 

Although  gold  placer  deposits  in  the  southern  part  of  Oregon  were  among  the  earliest 
mineral  resources  to  be  developed  in  the  West,  the  other  mineral  resources  of  the  state  have 
been  left  largely  untouched.  A  major  reason  for  this  has  been  the  distinct  geologic  and 
climatic  conditions  that  exist  within  the  state.  These  conditions  have  also  been  reflected  in 
the  existing  pattern  of  federal  and  private  land  ownership  in  Oregon.  Of  the  state’s  62 
million  acres,  a  little  more  than  half  is  still  under  the  ownership  of  the  federal  government. 
The  lederal  acreage  is  mostly  in  areas  administered  by  the  Bureau  of  Land  Management  and 
the  Eorest  Service.  Of  the  more  than  32  million  acres  under  federal  ownership  in  Oregon, 
approximately  1 6  million  acres  are  administered  by  the  Bureau  of  Land  Management  while 
about  1 5  million  acres  are  under  the  jurisdiction  of  the  Forest  Service.  While  most  of  the 
Forest  Service  land  is  located  in  the  western  portion  of  the  state  in  the  Cascade  and  Coast 
ranges,  significant  amounts  of  Forest  Service  land  are  also  located  in  the  northeastern  part 
ot  the  state.  Most  of  the  area  under  the  jurisdiction  of  the  Bureau  of  Land  Management  is  in 
the  central  and  southeastern  portions  of  the  state. 


At  the  present  time,  Oregon’s  principal  known  mineral  resources  are  found  in  areas  that 
are  largely  under  non-lederal  control.  The  state’s  largest  known  metallic  mineral  deposit,  a 
nickel-bearing  laterite  deposit  near  Riddle,  is  in  an  area  of  essentially  private  land  ownership. 
The  state  s  major  industrial  minerals  deposits  are  also  for  the  most  part  in  private  land  areas. 
The  former  gold  producing  areas  in  the  southern  part  of  the  state  are  mostly  in  areas  that 
are  administered  at  the  present  time  by  the  Bureau  of  Land  Management  and  the  Forest 
Service,  but  these  deposits  are  generally  inactive  as  current  sources  of  significant  mineral 
production. 

A  large  part  of  Eastern  Oregon  is  covered  by  the  extrusive  volcanics  of  the  Columbia 
Plateau.  Because  the  underlying  resources  are  covered  by  varying  thicknesses  of  apparently 
barren  volcanics,  in  the  past  the  development  of  mineral  resources  in  this  area  has  been 
greatly  neglected,  and  the  actual  mineral  potential  of  the  region  is  virtually  unknown.  In  the 
future,  however,  there  is  little  doubt  that  this  area  will  become  increasingly  attractive  as  a 
site  for  mineral  exploration.  The  large  areas  controlled  by  both  the  Forest  Service  and  the 
Bureau  of  Land  Management  in  the  Columbia  Plateau  region  of  Oregon,  therefore,  make 
federal  land  policies  of  extreme  significance  to  the  development  of  the  mineral  resources  in 
the  eastern  part  of  the  state. 


Fig.  85  -  The  North  Cascades  region  of  Washington,  almost  completely  owned  by  the  federal 
government.  Although  recent  utilization  of  mineral  resources  in  this  and  similar  areas  of  both  Oregon  and 
Washington  has  been  slight,  they  were  the  locale  of  many  early  precious  metal  operations  and  their  geologic 
potential  as  future  sources  of  base  metals  is  high. 
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In  Westerh  Oregon,  along  the  Pacific  slope  of  the  Cascades,  Forest  Service  policies,  in 
particular,  could  become  of  vital  importance  in  the  development  of  laterite  deposits  such  as 
the  deposit  at  Nickel  Mountain  near  Riddle.  The  development  of  technology  for  the 
elfective  utilization  of  such  laterites  could  make  this  Pacific  slope  area  of  increasing 
significance  in  the  nation’s  mineral  resource  picture  over  the  next  two  decades. 
Furthermore,  the  growth  of  population  in  the  valley  of  the  Willamette  River,  in  Western 
Oregon,  could  make  the  nearby  areas  in  the  Cascades  (now  controlled  largely  by  the  Forest 
Service)  of  increasing  economic  as  well  as  geologic  attractiveness  for  the  development  of 
industrial  minerals  resources.  The  same  is  true  of  the  Cascade  Range  areas  controlled  by  the 
Forest  Service  in  Washington  where  the  growth  of  population  in  the  Seattle-Tacoma  area 
and  elsewhere  around  Puget  Sound  wbuld  make  the  development  of  industrial  minerals 
resouices  in  areas  now  controlled  by  the  Forest  Service  of  increasing  importance. 


7.  Colorado 


Outside  of  the  Pacific  Northwest,  one  of  the  earliest  states  to  undergo  economic  and 
mineral  resource  development  was  Colorado.  The  state  is  almost  a  smaller  scale  replica  of 
the  United  States  west  of  the  Mississippi  River,  with  its  eastern  half  lying  on  the  Great  Plains 
and  its  western  half  lying  in  the  mountains  and  plateaus  that  are  common  throughout  the 
area  west  of  the  105  th  Meridian.  The  geographic  division  of  Colorado  is  reflected  in  the 
pattern  of  land  ownership  in  the  state.  A  little  more  than  one-third  of  Colorado’s  66  million 
acres  is  under  the  control  of  the  federal  government.  Virtually  all  of  this  federal  acreage  lies 
in  the  western  half  of  Colorado,  west  and  southwest  of  Denver.  Of  the  total  of  more  than  24 
million  acres  under  federal  ownership  and  control  in  the  state,  more  than  14  million  acres 
are  under  the  jurisdiction  of  the  Forest  Service,  while  approximately  eight  million  acres  fall 
under  the  supervision  of  the  Bureau  of  Land  Management.  There  are  also  significant  acreages 
in  the  state  under  the  control  of  the  Department  of  Defense  and  the  National  Park  Service. 

Most  ol  Colorado  s  land  that  is  under  the  control  of  the  Forest  Service  is  in  the  central 
and  west-central  portions  of  the  state,  in  the  Rocky  Mountains.  Some  significant  acreages 
under  Forest  Service  control  are  also  located  in  the  southwestern  portion  of  the  state,  on 
the  Colorado  Plateau.  Most  of  the  areas  administered  by  the  Bureau  of  Land  Management 
are  scattered  throughout  the  western  portion  of  the  state  with  large,  substantially 
contiguous,  located  areas  on  the  northwestern  plateaus.  Virtually  all  of  Colorado  east  of  the 
1 05th  Meridian  is  under  non-federal  ownership. 

Most  of  those  areas  of  Colorado  presently  known  for  their  existing  nonfuel  mineral 
resources  are  in  or  adjacent  to  lands  under  the  jurisdiction  of  the  Forest  Service.  There  are 
also  significant  known  mineral  resources  in  areas  controlled  by  or  adjacent  to  acreages  under 
the  administration  of  the  Bureau  of  Land  Management.  These  resources  include  both  the 
precious  and  base  metals  deposits  of  the  belt  that  extends  across  the  Front  Range  of  the 
Rockies  and  southwest  through  the  San  Juan  region  of  the  state.  The  uranium-rich  regions 
ot  the  Colorado  Plateau  and  Western  Colorado  are  in  areas  largely  administered  by  the 
Bureau  ot  Land  Management,  but  are  also  adjacent  to  areas  controlled  by  the  Forest  Service. 

There  is  little  doubt  that  the  future  development  of  mineral  resources  in  Colorado  will 
be  even  more  affected  by  public  land  policies  than  in  the  past.  This  is  true  not  only  of  those 
areas  which  have  already  produced  base  and  precious  metals  and  uranium,  but  also  the 
Piceance  Basin  region  of  Northwestern  Colorado,  the  so-called  oil  shale  district.  This  area 
now  largely  under  the  control  of  the  Bureau  of  Land  Management,  has  perhaps  one  of  the 
most  significant  potentials  for  future  mineral  resource  development  in  the  state.  This  is  not 
to  deny,  however,  the  importance  of  development  in  areas  presently  administered  by  the 

h^est  Serv^e  in  the  Rocky  Mountains  and  by  both  the  Forest  Service  and  the  Bureau 
ot  Land  Management  on  the  Colorado  Plateau. 
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Fig.  86  -  The  Front  Range  of  the  Rocky  Mountains  in  Central  Colorado.  This  area,  rich  in  metallic 
mineral  deposits,  is  still  largely  owned  by  the  federal  government  and  controlled  by  the  Forest  Service. 
Large  areas  of  Colorado  west  of  the  Rockies  are  under  the  administration  of  the  Bureau  of  Land 
Management. 


8.  Utah 

The  physical  geography  and  historical  pattern  of  settlement  and  development  of  Utah 
are  also  reflected  in  its  current  land  status.  Of  Utah’s  nearly  53  million  acres,  two-thirds  are 
owned  by  the  federal  government.  Of  the  more  than  35  million  acres  owned  by  the  United 
States  in  the  state,  by  far  the  greatest  portion  (nearly  23  million  acres)  is  under  the 
jurisdiction  ot  the  Bureau  of  Land  Management.  The  greatest  portion  of  the  remainder 
(some  eight  million  acres)  is  under  the  jurisdiction  of  the  Forest  Service.  Significant  acreages 
within  the  state  are  also  controlled  by  the  Department  of  Defense,  the  National  Park 
Service,  and  the  Bureau  of  Sports  Fisheries  and  Wildlife. 

Most  of  the  Forest  Service  land  in  Utah  is  in  the  central  portion  of  the  state  in  a  belt 
which  iollows  the  chain  of  mountain  ranges  that  extend  from  the  southwestern  corner  of 
the  state  through  the  central  portion  to  the  Wyoming  and  Idaho  borders.  The  bulk  of  the 
land  supervised  by  the  Bureau  of  Land  Management  is  found  in  the  eastern  and  southeastern 
portions  ot  the  state,  on  the  Colorado  Plateau,  as  well  as  in  the  basin  and  range  area  in  the 
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western  portion  of  the  state,  in  what  is  often  referred  to  as  the  Great  American  Desert  Most 
of  the  private  land  presently  held  in  Utah  is  found  in  the  valleys  of  the  central  portion  of 

lilC  SlalC. 

Significant  mineral  resource  utilization  in  Utah  in  the  past  has  been  scattered 
throughout  the  state.  The  earliest  resources  to  be  developed  were  in  proximity  to  the  larger 
population  centers  near  the  Great  Salt  Lake.  These  areas  are  for  the  most  part  at  present 
under  private  ownership,  although  significant  mineral  resources  in  the  mountainous  areas  are 
either  on  or  adjacent  to  acreages  administered  by  the  Forest  Service.  In  the  southeastern 
portion  of  the  state,  the  area  around  Moab  is  largely  under  the  jurisdiction  of  the  Bureau  of 
Land  Management  with  scattered  areas  of  relatively  minor  importance  (for  known  mineral 
resource  utilization)  under  the  control  of  the  Forest  Service.  Most  of  the  uranium 
production  in  Utah  s  portion  of  the  Colorado  Plateau,  as  well  as  the  significant  potash  and 
phosphate  developments  in  both  Southeastern  and  Northeastern  Utah,  are  in  areas  largely 
under  the  control  of  the  Bureau  of  Land  Management. 


Fig.  87  -  Mountainous  area  in  Northern  Utah  under  the  jurisdiction  of  the  Forest  Service.  Most  of  the 
mountain  ranges  in  the  state  are  federally  owned  and  supervised  by  the  Forest  Service.  The  development  of 
nonfuel  mineral  resources  in  such  areas  has  been  sparse ,  although  their  geologic  potential  is  high.  Most 
recent  mineral  development  in  Utah  has  been  on  lands  administered  by  the  Bureau  of  Land  Management  in 
the  southeastern  part  of  the  state. 
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Utah  wTllTak^nLV^  h  J  fU,Ure  develoPment  of  the  nonfuel  mineral  resources  or 
that  hive  in  the  nLVh  v  mountainous  regions  of  the  north-central  part  of  the  state 
‘  ’  ‘  nil  cl  rllleH  fl  OWn,  f°r  their  base  and  precious  metal  deposits  (and  which  are 

theltate  where  tl  1  "  F°reS*  Service)  aS  wel1  as  in  the  eastern  Portion  of 

cl  trolled  1  fnlneneeH  r  fren  “d?St,ial  minerals  d«=POsits  will  proceed  on  lands 

western  Dart  of  the  state  V  •  6  Bureau  of  Land  Management.  The  mineral  resources  of  the 

development  of  hoth  h  ^7  reSpects  unknown>  but  is  still  a  high  potential  for 

development  of  both  base  and  precious  metal  resources  in  those  areas  currentlv 

administered  by  the  Bureau  of  Land  Management.  currently 


9.  Wyoming 

Wyoming  in  many  respects  is  similar  in  its  pattern  of  land  ownership  to  Colorado.  The 
eastern  portion  of  the  state  on  the  edge  of  or  directly  on  the  Great  Plains  is  largely  under 
private  ownership  while  the  western  portion  of  the  state  is  largely  under  federal  control.  Of 
Wyoming  s  62  mil  ion  acres,  a  little  less  than  half  (48  percent)  is  owned  by  the  federal 
government.  Of  the  30  million  acres  of  Wyoming  land  that  are  held  by  the  federal 


Fig.  88  -  Public  land  in  Western  Wyoming  controlled  by  the  National  Park  Service.  Most  known  nonfuel 
mineral  resources  in  the  state  are  in  the  southwestern  part  of  the  state  on  lands  supervised  by  the  Bureau  of 
Land  Management. 
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government,  approximately  nine  million  acres  are  administered  by  the  United  States  Forest 
Service,  while  the  Bureau  of  Land  Management  is  responsible  for  more  than  17  million 
acres.  The  National  Park  Service  (largely  in  Yellowstone  National  Park  and  Grand  Teton 
National  Park)  controls  over  two  million  acres  of  Wyoming  land. 

Nearly  all  of  the  Forest  Service  land  in  Wyoming  is  in  the  mountains  in  the  western 
portion  of  the  state,  but  there  are  some  scattered  areas  in  the  higher  mountain  ranges  in  the 
central  part  of  the  state  that  are  also  included  under  that  agency’s  jurisdiction.  A  relatively 
minor  acreage  in  the  eastern  portion  of  the  state,  on  the  edge  of  the  Black  Hills  of  South 
Dakota,  is  also  controlled  by  the  Forest  Service.  Most  of  the  land  in  Wyoming  under  the 
control  ot  the  Bureau  of  Land  Management  extends  in  a  wide  belt  through  the  west-central 
portion  of  the  state,  from  the  Utah  and  Colorado  borders  on  the  southwest  to  the  Montana 
border  in  the  central  part  of  the  state  on  the  north. 

Most  of  Wyoming’s  nonfuel  mineral  resource  development  to  date  has  been  in  the 
southwestern  portion  of  the  state  in  areas  administered  by  the  Bureau  of  Land  Management. 
This  includes  the  phosphate  resources  of  the  western  phosphate  field  in  the  extreme 
southwest  as  well  as  the  known  uranium  and  iron  resources  of  the  state.  Those  areas  of 
Wyoming  administered  by  the  Forest  Service  have  been  relatively  unimportant  so  far  with 
respect  to  the  development  of  the  state’s  nonfuel  mineral  resources.  This  has  been 
principally  because  the  areas  under  the  control  of  the  Forest  Service  are  in  those  mountain 
ranges  formed  by  intrusive  igneous  masses  which  in  the  past  have  been  geologically 
unattractive  in  themselves  for.  base  and  precious  metals  exploration  as  well  as  industrial 
minerals  development. 

In  the  future  development  of  Wyoming’s  mineral  resources,  it  is  likely  that  the  most 
significant  developments  will  be  in  those  areas  presently  administered  by  the  Bureau  of 
Land  Management.  Thus,  the  land  policies  of  the  federal  government  may  be  expected  to 
have  a  strong  impact  on  the  development  of  the  state’s  nonfuel  mineral  resources. 


10.  New  Mexico 

For  the  most  part,  the  development  and  utilization  of  mineral  resources  in  the  West 
came  last  to  the  Southwest,  to  Arizona  and  New  Mexico.  The  relatively  late  development  of 
that  area  and  the  intensity  of  resistance  by  the  Indian  tribes  of  the  Southwest  reflects  the 
present  status  of  land  ownership  in  the  area.  Arizona  has  somewhat  the  greater  amount  of 
federal  land  than  does  New  Mexico,  with  New  Mexico’s  land  ownership  also  being  affected 
by  the  same  geographic  influences  that  shaped  the  pattern  of  land  ownership  in  Colorado 
and  Wyoming  east  of  the  105th  Meridian. 

Ot  New  Mexico’s  nearly  78  million  acres,  a  little  more  than  one-third  is  owned  by  the 
government  ot  the  United  States.  Most  ot  this  land  is  in  the  western  portion  of  the  state, 
west  of  the  Great  Plains,  but  large  areas  in  the  southeastern  part  of  the  state,  in  the  Permian 
Basin  region  adjoining  Texas,  are  still  under  federal  ownership.  Of  the  nearly  27  million 
acres  of  federal  land  in  New  Mexico,  approximately  1 3  million  acres  are  under  the  control 
ot  the  Bureau  of  Land  Management,  with  about  six  million  acres  under  the  jurisdiction  of 
the  forest  Service.  The  state  also  contains  significant  acreages  that  are  under  the  control  of 
the  Department  of  Defense  and  the  National  Park  Service. 

Most  ot  the  area  administered  by  the  Forest  Service  is  in  the  mountainous  regions  of  the 
north-central  and  southwestern  parts  of  the  state.  Those  areas  administered  by  the  Bureau 
ot  Land  Management  are  largely  west  of  the  Rio  Grande  and  cover  virtually  all  of  Western 
New  Mexico  except  for  those  areas  in  Indian  reservations  and  national  forests.  Another 
significant  block  of  acreage  in  the  Permian  Basin  area  in  the  southeastern  corner  of  the  state 
is  also  supervised  by  the  Bureau  ot  Land  Management. 

Most  of  the  development  and  utilization  of  nonfuel  mineral  resources  in  New  Mexico  in 
the  past  has  been  in  those  areas  under  federal  ownership.  Earliest  development  was  of  the 
copper  and  precious  metal  deposits  in  the  southwestern  portion  of  the  state.  These  areas  at 


214 


present  are  largely  controlled  by  either  the  Bureau  of  Land  Management  or  the  Forest 
Service,  although  in  areas  of  early  development  there  are  now  substantial  private  holdings. 
New  Mexico  s  potash  resources  in  the  Permian  Basin  around  Carlsbad  in  the  southeast  are  on 
land  held  primarily  by  the  federal  government  with  only  limited  and  relatively  minor  private 
holdings. 

More  recent  development  of  the  state’s  nonfuel  mineral  resources  has  been  in  the  north 
and  includes  the  development  of  uranium  resources  in  the  northwest,  on  the  Colorado 
Plateau,  and  in  the  north-central  mountains  where  molybdenum  resources  have  been  of 
importance.  In  Northwestern  New  Mexico,  in  the  uranium  producing  areas  around  Grants, 
development  has  been  largely  on  lands  controlled  by  the  Bureau  of  Land  Management, 
although  there  are  significant  acreages  of  Forest  Service  land  nearby.  In  the  northern 
mountains,  the  development  of  molybdenum  resources  has  been  in  areas  principally 
controlled  by  the  Forest  Service. 

The  future  development  of  New  Mexico’s  metallic  and  non-metallic  mineral  resources 
will  probably  come  in  those  areas  presently  controlled  by  the  Bureau  of  Land  Management 
and  the  Forest  Service.  Thus,  future  public  land  policies  will  be  of  vital  importance  to  the 
state’s  nonfuel  mineral  resource  utilization. 


Fig.  89  -  Public  land  in  the  Permian  Basin  region  of  Southeastern  New  Mexico.  Here,  most  known 
mineral  resources  are  found  at  considerable  depth.  In  the  western  and  northern  portions  of  the  state, 
known  mineral  deposits  are  generally  closer  to  the  surface  and  may  be  mined  more  readily  by  open  pit 
methods. 
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1 1 .  Arizona 


As  in  virtually  all  of  the  other  Western  States,  the  existing  pattern  of  land  ownership  in 
Arizona  reflects  both  the  physical  geography  of  the  state  and  the  early  pattern  of  settlement 
and  economic  development.  Of  Arizona’s  nearly  73  million  acres,  almost  45  percent  (32 
million  acres)  are  owned  by  the  federal  government.  Considerable  portions  of  the  state 
however,  are  also  administered  by  the  federal  government  as  trust  territories  for  various 
Indian  tribes.  Of  the  32  million  acres  owned  and  controlled  directly  by  the  federal 
government  in  Arizona,  approximately  13  million  acres ware  administered  by  the  Bureau  of 
Land  Management  while  1 1  million  acres  are  under  the  jurisdiction  of  the  Forest  Service. 
Significant  areas  of  the  state  are  also  under  the  control  of  the  National  Park  Service  the 
Bureau  of  Sports  Fisheries  and  Wildlife,  and  the  Department  of  Defense. 

Most  of  the  nonfuel  mineral  development  in  Arizona  to  date  has  been  in  the 
southeastern  portion  of  the  state,  on  lands  where  there  are  scattered  sections  administered 
by  the  Bureau  of  Land  Management  as  well  as  areas  controlled  by  the  Forest  Service.  Most 
or  the  land  now  controlled  by  the  Bureau  of  Land  Management  in  Arizona,  however,  is  in 
the  western  portion  of  the  state  where  mineral  resource  development  to  date  has  been 
limited.  Most  of  the  national  forest  land  in  the  state  is  in  a  belt  that  extends  from  the 


Fig.  90  -  Basin  and  range  topography  on  public  lands  in  Southern  Arizona.  Most  of  the  public  land  areas 
in  the  state ,  including  those  supervised  by  both  the  Bureau  of  Land  Management  and  the  Forest  Service , 
possess  high  geologic  potentials  for  future  mineral  resource  development. 
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eastern  border  with  New  Mexico  northwest  along  the  edge  of  the  Colorado  Plateau  to  the 
vicinity  of  Grand  Canyon  in  the  northwestern  part  of  the  state.  There  are  also  scattered 
national  forest  areas  in  Southeastern  Arizona,  in  scattered  mountain  ranges  formed  by 
intrusive  igneous  masses. 

Although  originally  under  federal  ownership,  most  of  the  existing  mineral  producing 
areas  in  Arizona  are  now  on  privately  held  lands  in  the  southeastern  and  central  portions  of 
the  state.  There  also  has  been  some  development,  however,  on  scattered  Bureau  of  Land 
Management  acreages  as  well  as  around  the  fringes  of  Forest  Service  lands.  One  of  the 
greatest  areas  for  potential  mineral  resource  development  in  the  state,  however,  lies  in  the 
west,  adjacent  to  the  C  olorado  River  in  the  basin  and  range  district  now  held  by  the  Bureau 
of  Land  Management.  These  lands,  as  well  as  lands  currently  held  by  the  Forest  Service 
adjacent  to  producing  copper  districts  in  Southeastern  Arizona,  are  undoubtedly  the  most 
attractive  both  geologically  and  economically  for  future  mineral  resource  utilization  in  the 
state. 

Throughout  the  entire  Western  United  States,  mineral  development  in  the  past  has  been 
largely  on  lands  owned  or  controlled  by  the  federal  government.  Development  on  private 
and  state  lands  has  been  comparatively  less,  although  state  lands  as  well  as  federal  lands  have 
covered  a  significant  part  of  the  region’s  mineral  resources.  These  areas  that  seem  at  present 
to  be  most  suitable,  both  geologically  and  economically,  for  future  mineral  resource 
utilization  in  the  1 1  Western  States  are  mostly  on  federal  land  controlled  either  by  the 
Bureau  of  Land  Management  or  the  United  States  Forest  Service.  Public  land  policies  will 
therefore  be  of  vital  importance  in  the  future  use  of  the  mineral  resources  of  this 
westernmost  third  of  the  nation. 
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Figure  91  -  Value  of  phosphate  minerals  produced  on  the  public  lands. 
Source  of  data:  Tables  in  Appendix  F. 
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B.  MINERAL  RESOURCES  PRODUCED  FROM  THE  PUBLIC  LANDS 


1.  Major  Industrial  Minerals 

Accurate  data  regarding  the  value  of  minerals  produced  from  the  public  lands  of  the 
United  States  are  extremely  sparse  and  are  restricted  almost  entirely  to  those  minerals  which 
come  under  the  Leasing  Act  of  1920  and  the  Commodities  Disposal  Act  of  1947.  There  are 
no  specific  figures  for  either  the  volumes  or  values  of  production  from  the  public  lands  of 
any  minerals  which  come  under  the  Mining  Act  of  1872.  Even  the  data  on  the  so-called 
leasable  minerals  are  incomplete.  In  fact,  the  only  nonfuel  minerals  for  which  data  are 
readily  available  are  phosphates,  potash,  sodium  minerals,  and  silica. 

The  value  of  phosphate  production  from  public  lands  in  the  public  domain  states  of  the 
United  States  has  increased  substantially  since  1947.  Shortly  after  the  close  of  World  Wai  II 
the  total  value  of  phosphate  production  from  the  public  lands  of  the  United  States  was 
valued  at  approximately  one  million  dollars  per  year.  By  the  late  1940’s  this  had  risen  to 
nearly  two  million  dollars,  but  subsequently  declined  to  a  low  of  about  half  a  million  dollars 
in  I  950.  Alter  the  start  of  the  Korean  War,  the  rise  in  the  value  of  phosphates  produced  on 
the  public  lands  rose  rather  steadily,  reaching  a  relative  plateau  at  about  four  million  dollars 
in  the  late  1950’s  and  early  1960’s.  In  1963,  phosphate  production  from  public  lands  began 
to  increase  sharply,  however,  rising  to  approximately  five  million  dollars  in  1964  and  to 
more  than  10  million  dollars  in  1965.  Since  1965,  however,  th«'  value  of  such  output  from 
the  public  lands  has  dropped  to  less  than  eight  million  dollars  per  year.  This  is  still  well 
above  the  level  for  1964,  however. 

Potash  production  from  the  public  lands  of  the  United  States  has  not  followed  a  pattern 
quite  as  erratic  as  that  followed  by  phosphate  production.  After  the  end  of  World  War  II, 
the  value  of  potassium  minerals  production  from  the  public  lands  amounted  to  about  26 
million  dollars  annually.  This  rose  steadily  throughout  the  late  1940’s  and  well  into  the 
mid-1950’s,  reaching  60  million  dollars  per  year  in  1954.  There  was  a  slight  decline  in  1957 
to  about  55  million  dollars,  but  this  was  followed  by  an  extremely  sharp  increase  during  the 
late  1950  s  and  early  1  960’s.  By  1959  the  value  of  potassium  minerals  produced  from  the 
public  lands  ot  the  United  States  had  reached  nearly  80  million  dollars.  By  1964  the  output 
of  potassium  minerals  on  the  public  lands  reached  a  peak  of  almost  1  10  million  dollars.  This 
peak  held  for  the  following  year,  but  after  1965  potash  production  from  the  public  lands1 
declined  rather  sharply,  sinking  to  less  than  70  million  dollars  in  1967. 

Unlike  the  value  of  both  phosphates  and  potash  production  from  public  lands  in  the 
United  States,  the  value  of  sodium  mineral  production  from  the  public  lands  has  not 
declined  within  the  last  several  years.  Its  increase  since  the  end  of  World  War  II  has  been 
equally  dramatic,  however.  In  1947  the  total  value  of  sodium  mineral  production  from  the 
nation  s  public  lands  was  about  live  million  dollars.  This  rose  rather  rapidly  during  the  late 
1 940’s,  reaching  about  12  million  dollars  in  1948.  By  1950,  the  total  exceeded  15  million 
dollars.  Throughout  the  1  950’s,  the  value  of  sodium  mineral  production  from  public  lands 
rose  substantially,  reaching  a  high  in  I960  of  more  than  26  million  dollars.  Although  this 
was  tollowed  by  a  slight  decline  in  the  succeeding  two  years,  in  1963  sodium  mineral 
production  again  rose  sharply,  to  approximately  36  million  dollars.  The  total  value  of 
sodium  production  from  public  lands  has  remained  relatively  steady  at  more  than  35  million 
dollars  per  year  since  1  963. 

Data  available  lor  the  value  of  silica  and  silica  sands  produced  from  the  public  lands  of 
the  United  States  show  a  rather  substantial  increase  within  the  last  decade.  It  may  be, 
however,  that  this  increase  is  more  of  a  statistical  reporting  phenomenon  than  an  actual 
increase  in  such  mineral  production. 

Trom  the  end  ot  World  War  II  until  1958,  the  total  value  ol  silica  and  silica  sands 
produced  trom  the  public  lands  of  the  United  States  was  less  than  one  million  dollars  per 
year.  By  1959  there  was  a  sharp  increase  in  such  production  to  approximately  three  million 
dollars.  The  lollowing  year,  however,  production  from  the  public  lands  of  silica  and  silica 
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DOLLARS 


Figure  92  -  Value  of  potassium  minerals  produced  on  the  public  lands. 
Source  of  data:  Tables  in  Appendix  F. 
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Figure  93  -  Value  of  sodium  minerals  produced  on  the  public  lands. 
Source  of  data:  Tables  in  Appendix  F. 
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Figure  94  -  Value  of  silica  and  silica  sands  produced  on  the  public  lands. 
Source  of  data:  Tables  in  Appendix  F. 
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•winds  again  dropped  to  less  than  one  million  dollars,  where  it  remained  until  1963.  In  1964 
there  was  a  sharp  rise  in  the  value  of  these  industrial  minerals  on  the  public  lands  of  the 

\ ,  r  i,  ateS*  In  tha*  year’  the  tota  va,ue  of  such  Production  exceeded  10  million  dollars. 
Hie  following  year  (in  1965)  the  value  of  silica  and  silica  sand  output  reached  a  high  of 
about  22  million  dollars.  Although  there  was  a  slight  decline  the  following  year,  the  total 

production  of  silica  and  silica  sand  from  the  public  lands  has  remained  about  22  million 
dollars  per  year. 

It  is  highly  probable  that  this  dramatic  increase  in  the  early  1960’s  in  the  value  of  silica 
and  silica  sands  produced  from  the  public  lands  of  the  United  States  is  a  reflection  of  more 
accurate  record  keeping  than  an  actual  increase  in  production.  There  is  little  doubt  that  the 
sharp  increases  of  10  million  dollars  each  per  year  in  1964  and  1965  represent  better  records 
and  the  inclusion  of  large  amounts  of  production  in  the  federal  statistics  that  were  not 
included  prior  to  1964,  rather  than  substantial  increases  in  actual  silica  and  silica  sands 
output.  It  is  also  highly  probable  that  other  amounts  of  silica  and  silica  sands  presently 
being  produced  from  the  public  lands  are  not  included  even  in  the  existing  statistics  and  that 

the  total  value  of  such  production  from  the  public  lands  is  in  excess  of  the  20  million  dollar 
valuation  currently  attached  to  it. 

2.  Other  Minerals 


Other  mineral  commodities  are  being  and  have  been  produced  from  the  public  lands,  and 
T™?8  ofJsu1ch  P[oduction  have  been  considerably  more  specific  in  recent  years  than  in 
the  940  s  and  I  950’s.  Nevertheless,  adequate  data  on  such  output  exist  oniy  for  public 
lands  that  have  been  acquired  by  the  federal  government  and  for  national  forest  lands 

Information  on  production  from  privately  held  mineral  claims  on  public  domain  is  not 
available. 

Non  fuel  mineral  production  from  acquired  public  lands  has  been  slight.  In  1967  such 
output  totalled  less  than  70,000  tons.  The  greatest  share  of  this  came  from  lead  deposits  in 
Missouri  and  from  quartzite  and  feldspar  deposits  in  Virginia  and  Georgia.  The  only  nonfuel 
mineral  output  from  acquired  public  land  in  the  Western  States  in  1967  was  less  than  400 
tons  of  uranium  ore  mined  in  New  Mexico.1 6  7 

r  .T/l%sfle  of  mineral  commodities  from  the  public  lands  under  the  Materials  Disposal  Act 

°  i  ,  n,lnlaAS||alu°.b,e,e"1Sll*hL  ln  1967  ,he  total  value  of  such  sales  was  little  more  than 
$1  13,000.  All  but  $100  of  this  was  in  the  1  1  Western  States.  Except  for  limited  amounts  of 

top  soil  and  soil  additives  as  well  as  250  tons  of  “industrial  minerals,”  all  of  the  minerals  so 
produced  were  construction  materials.1  68 

The  estimated  value  of  minerals  produced  from  the  public  lands  under  free-use  permits 
has  been  much  greater,  exceeding  two  million  dollars  in  1967.  Again,  except  for  an 
estimated  $36,000  worth  of  topsoil,  all  of  these  mineral  commodities  were  construction 
materials,  and  all  were  produced  in  the  Western  States  and  Alaska.169 

3.  Locatable  Minerals  Production 

Despite  the  fact  that  existing  records  do  not  show  sizeable  amounts  of  mineral 
Production  from  public  lands,  there  are  substantial  tonnages  of  locatable  minerals  being 
proi  need  ubhc  lands  have  in  the  past  and  still  form  an  important  segment  of  the  mineral 
resources  produced  by  the  nation’s  private  mining  firms.  As  shown  by  Table  25,  about  half 
of  the  mineral  lands  in  production  today  were  acquired  on  the  public  domain.  Nearly 
three-fourths  of  these  were  directly  acquired  under  the  mineral  location  system.  An 
additional  ten  percent  of  all  active  mineral  lands  were  originally  acquired  under  the  mining 

location  laws  but  subsequently  passed  to  private  ownership  before  being  acquired  bv  the 
present  minerals  producer. 

Because  of  (he  importance  of  public  lands  in  (lie  present  production  of  nonfuel 
minerals,  as  well  as  their  high  geologic  potential  for  the  development  of  future  mineral 
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Table  25 


THE  IMPORTANCE  OF  FEDERAL  LAND  IN 
UNITED  STATES  MINERAL  RESOURCES  DEVELOPMENT 

1968 


Means  by  which  Active  Mining 

Total 

Percent 

Number  of 

Percent 

Firms  Have  Acquired  Presently 

Sample 

of 

Sample 

of 

Used  Mineral  Lands 

Acreage 

Acreage 

Firms 

Firms3 

Direct  location  of  federal  land 

88,633 

30.5 

28 

36 

Purchase  of  unpatented  claims 

23,996 

8.3 

14 

1  8 

Leases  on  federal  land 

34,340 

11.8 

6 

1  O 

8 

SUB-TOTAL,  FEDERAL  LAND 

146,969 

50.6 

48 

U 

62 

Leases  on  Indian  lands 

1,315 

0.4 

2 

Leases  on  state  lands 

22,873 

7.9 

13 

17 

SUB  TOTAL,  NON-PRIVATE 

171,157 

58.9 

63 

81 

Leases  on  private  lands 

Leases  with  options  to  buy 

28,984 

10.0 

23 

29 

on  private  land 

5,066 

1.7 

9 

12 

Purchase  of  patented  mining  claims 

30,716 

10.6 

21 

27 

Acquisition  by  merger 

29,349 

10.1 

6 

8 

28 

Other  means*5 

25,146 

8.7 

22 

SAMPLE  TOTAL 

290,418 

100.0 

144 

’Based  on  a  total  sample  response  of 

78.  Some 

* 

firms  have  acquired  land  by  more  than 

one  means 

^Mostly  outright  purchase  of  privately  owned  land  plus  some  land  exchanges. 

Source  of  Data:  Survey  of  both  large  and  small  active  mineral  producers  in  the  United  States 

conducted  by  the  Division  of  Economic  and  Business  Research,  The 
University  of  Arizona. 


deposits,  it  is  surprising  to  note  that  the  number  of  mineral  patent  applications  has  declined 
sharply  since  the  early  1960’s  (see  Figure  95).  Prior  to  1961,  the  number  of  mineral  patent 
applications  had  been  rising,  as  had  the  nation’s  mineral  output.  Total  nonfuel  mineral 
production  continued  to  rise  after  1961  despite  the  drop  in  new  mineral  patent  applications. 

Since  1961,  the  number  of  mineral  patent  applications  acted  upon  favorably  by  the 
federal  government  has  also  declined.  As  shown  in  Figure  96,  since  I960,  there  has  been  a 
<  ong  positive  relationship  between  the  number  of  mineral  patent  applications  and  the 
number  of  applications  approved.  As  shown  in  Figure  97,  however,  such  was  not  the  case 
prior  to  1960.  From  1950  through  1959  there  was,  in  fact,  a  moderate  inverse  relationship 

between  the  number  of  mineral  patent  applications  and  the  number  recommended  for 
patent. 

Since  I960,  the  proportion  of  mineral  patent  applications  recommended  for  patent  has 
varied  between  30  and  60  percent.  Since  1963,  the  proportion  of  applications  acted  upon 
favorably  appears  to  have  followed  a  rising  trend,  although  even  in  more  recent  years  nearly 
fiiaU  of  all  mineral  patent  applications  have  been  rejected. 
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Fig.  95  -  Mineral  Patent  Applications,  Cases  for  Review 
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Fig.  96  -  Mineral  Patent  Applications  vs.  Recommendations  for  Patent 
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CASES 

RB33WIENDED 


Fig.  97  -  New  cases  received  vs.  cases  recommended  for  patent.  The  dashed  line  represents  the  average 
relationship  from  1950  to  1955.  The  solid  line  represents  the  average  relationship  since  1955. 
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Fig.  98  -  Proportion  of  Mineral  Patent  Applications  Recommended  for  Patent 
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C.  MINERALS  RESERVED  TO  THE  UNITED  STATES 


For  the  most  part,  the  extent  of  surface  ar6a  in  the  Western  United  States  that  is  still 
under  the  control  of  the  federal  government  does  not  provide  an  adequate  measure  of  the 
total  mineral  resources  still  owned  by  the  United  States.  In  some  areas,  although  the  surface 
is  under  federal  ownership,  the  minerals  are  held  by  private  interests  by  means  of  valid  but 
unpatented  mining  claims.  While  the  full  area  covered  by  valid  but  unpatented  mining  claims 
is  impossible  to  determine,  it  is  undoubtedly  far  less  than  the  area  in  which  the  mineral 
rights  are  controlled  by  the  federal  government  but  with  the  surface  under  non-federal 
ownership. 

These  lands,  where  mineral  rights  have  been  severed  from  the  surface  and  reserved  to  the 
federal  government,  cover  vast  areas  of  the  Western  States,  even  in  regions  of  substantial 
private  land  ownership  and  urban  and  agricultural  development.  In  some  of  these  areas,  the 
rights  to  all  minerals  have  been  reserved  to  the  federal  government,  while  in  others  only 
specitic  minerals  have  been  so  reserved.  In  many  areas,  the  reservation  of  all  leaseable 
minerals,  both  fuel  and  nonfuel,  is  common.  In  other  areas,  more  specific  reservations, 
particularly  lor  oil  and  gas,  sodium  minerals,  and  uranium,  are  prevalent. 

The  nature  and  extent  of  the  areas  in  which  mineral  rights  have  been  severed  from 
surface  rights  and  reserved  to  the  federal  government  vary  from  region  to  region  and  from 
state  to  state.  The  following  maps  (Figures  99  through  109)  provide  a  detailed  picture  of  the 
situation  in  each  state.  In  some  states,  those  areas  with  reserved  minerals  have  been  subject 
to  specific  mineral  reservations  and  thus  also  have  other  minerals  that  are  not  reserved.  In 
many  states,  large  areas  are  indicated  as  having  few  reserved  minerals  simply  because  the 
surface  land  in  those  areas  is  still  owned  by  the  federal  government. 

With  the  total  area  of  known  and  potential  mineral  resources  owned  by  the  federal 
government  even  more  extensive  than  the  surface  land  area  so  held,  future  public  land 
policy  is  likely  to  be  of  far  greater  importance  to  minerals  users  than  to  any  other  single 
class  of  user  of  the  public  land.  Many  of  the  reserved  minerals  lands,  however,  are  in  areas  in 
which  the  surface  is  now  devoted  to  other  uses.  These  other  uses  became  prevalent  generally 
because  no  valuable  mineral  deposits  were  close  enough  to  the  surface  of  the  land  to  be 
apparent  to  its  early  users.  The  development  of  technology  for  the  detection  and 
utilization  of  minerals  at  depth,  however,  greatly  increases  the  potential  of  such  lands  as 
future  sources  of  valuable  mineral  commodities. 


FOOTNOTES 


4 

168/  Public  Land  Statistics ,  Bureau  of  Land  Management,  U.S.  Department  of  the  Interior 
(1967),  p.  85. 


169/  Ibid.,  p.  92. 
170/  Ibid.,  p.  93. 
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LEGENO 

Reserved  Mineral  Rights 
•  Lets  thon  1/4  of  township  reserved 
@  1/4  to  1/2  of  township  reserved 
Over  1/2  of  township  reserved 

MH  N01'1  Parks, Forests  ond  Indion  Reservations 
o  s  ife  Sr5  so  to muii 

Source  of  dato  Lond  stolue  maps.U.S.  Bureou  of  Lond  ManaaemenI 
Drawn  by  Van  Duyn 


EXTENT  Or  MINERALS  RESERVED  TO  FEDERAL  GOVERNMEN 

ARIZONA,  1968 

Rights  to  oil  or  some  minerals  severed  from  surface  rights 
and  reserved  to  the  federal  government. 


Fig.  99  ■  Areas  of  Arizona  where  the  surface  ownership  has  passed  from  the  federal  government  but 
where  ownership  of  the  minerals  has  been  retained.  Throughout  most  of  the  state,  rights  to  all  minerals  are 
still  owned  by  the  federal  government 
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MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 
NEW  MEXICO,  1968 


LEGEND 

Reserved  Mineral  Rights 
&  Less  than  1/4  of  township  reserved 
@  1/4  to  1/2  of  township  reserved 

Over  1/2  of  township  reserved 

Not'l  Forests  ond  Indion  Reservations 


Right*  to  oil  or  some  minerals  severed  from  surface  right# 
ond  reserved  to  the  federal  government. 


O  t  10  20 


30  40  Mil** 


Source  of  doto :  Land  status  maps.U.S.  Bureau  of  Land  Management 
Drawn  by  Van  Duyn  ond  Weller 


Fig.  100  -  Areas  in  New  Mexico  where  the  surface  has  passed  from  federal  ownership  but  the  mineral 
rights  are  still  owned  by  the  federal  government  In  most  of  the  eastern  part  of  the  state ,  only  the  rights  to 
certain  minerals  ( mostly  oil,  gas,  and  potash)  have  been  reserved  to  the  federal  government. 
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EKTENT  OF  MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 

NEVADA  ,  1968 

Rights  to  oil  or  lomt  minerals  stvsrsd  from  surface  rights 
ond  reserved  to  the  federal  government. 

O  4  'O  to  io  40  Mllva 
LEGEND 

Reserved  Mineral  Rights 
0  Less  than  i/4  of  township  reserved 
®  1/4  to  1/2  of  township  reserved 

Over  1/2  of  township  reserved 

89H  Nat’l  Parks, Forests  and  Indian  Reservations 


Source  of  dato :  Lond  stotus  maps, U  S.  Bureau  of  Land  Management 
Drown  by  VonOuyn 


Fig.  101  -  Areas  of  Nevada  where  the  ownership  of  the  surface  has  passed  from  the  federal  government 
but  where  it  still  owns  the  mineral  rights.  Most  of  the  surface  in  Nevada  is  still  owned  by  the  federal 
government 
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EXTENT  OF  MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 
CALIFORNIA  ,  1968 

Rights  to  oil  or  lomi  minorols  ssvorod  from  swrfocs  rights 
ond  rsssrvsd  to  tho  fodorol  govsrnmont 

o  I  i  to  to  A} 

Sourcs  of  dolo  ■  Lond  status  mops.U  S  Bursoo  of  Lond  Monogomsnt 
Drown  by  Von  Duyn  ond  Wslltr 


LEGEND 

Rsssrvsd  Minsrol  Rights 
•  Lsss  than  1/4  ot  township  rsssrvsd 
9  l/4lol/2  of  township  rsssrvsd 
Ovsr  1/2  of  township  rsssrvsd 
Eiii9  Nol'l  Porks, Forssts  ond  Indian  Rsssrvotions 


Fig  102  -  Areas  of  California  where  the  surface  ownership  has  left  the  public  domain  but  where  the 
tership  of  mineral  rights  has  been  retained  by  the  federal  government 
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Fig.  i03  -  Areas  of  Idaho  where  the  surface  has  passed  to  non-federal  ownership  but  where  mineral 
rights  have  been  retained  by  the  federal  government. 


EXTENT  OF  MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 

IDAHO  ,  1968 

Rights  to  oil  or  some  minerals  severed  from  surface  rights 
ond  reserved  to  the  federal  government. 

l-  *  ■  i  ■ 

O  8  10  20  SO  40  MM«s 

Source  of  data  :  Lond  status  maps, U  S.  Bureou  of  Land  Management 
Drawn  by  Barr 
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Reserved  Minerol  Rights 
®  Less  thon  1/4  of  township  reserved 
©  1/4  to  1/2  of  township  reserved 
Over  1/2  of  township  reserved 

Ij^j^SI  Not'l  Parks, Forests  and  Indian  Reservations 


Preceding  page  blank 
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LEGEND 

Reserved  Minerol  Rights 
9  Less  than  1/4  of  township  reserved 
^  1/4  to  1/2  of  township  reserved 
Over  1/2  of  township  reserved 

HHHi  Nat’l  Porks , Forests  ond  Indian  Reservations 


EXTENT  OF  MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 

WASHINGTON  ,  1968 

Rights  to  all  or  some  minerals  severed  from  surface  rights 
and  reserved  to  the  federal  government. 

-■  *  *  1  i 

O  5  10  20  30  40  Mil. i 

Source  of  doto  Lond  stotus  maps, U  S.  Bureou  of  Land  Management 
Drown  by  Bahr 


Fig.  104  -  Areas  in  Washington  where  the  ownership  of  the  mineral  rights  has  been  reserved  to  the 
federal  government  even  though  the  surface  has  left  the  public  domain.  Virtually  all  severed  rights  areas  are 
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LEGEND 

Reserved  M»nerol  Rights 
Less  thon  1/4  of  township  reserved 
1/4  to  1/2  of  township  reserved 
Over  1/2  of  township  reserved 


EXTENT  OF  MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 

OREGON,  1968 

Right*  to  oil  or  *om«  minerol*  severed  from  surfoce  right* 
ond  reserved  to  the  federol  government. 


Nofl  Porks, Forests  ond  Indion  Reservations 
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Source  of  doto  Lond  status  mops, U  S  Bureou  of  Lond  Management 
Drown  by  Von  Duyn 


_ 


Fig.  105  -  Areas  in  Oregon  where  the  ownership  of  mineral  rights  has  been  reserved  to  the  federal 

government  even  though  the  surface  has  left  the  public  domain.  Although  such  reserved  minerals  areas  are 

widespread,  less  than  one-fourth  of  each  township  has  any  reserved  mineral  rights. 
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EXTENT  OF  MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 

WYOMING  ,  1968 


Reserved  Mineral  Rights 
Less  than  1/4  of  township  reserved 
1/4  to  1/2  of  lownship  reserved 
Over  1/2  of  township  reserved 


Nofl  Parks, Forests  ond  Indion  Reservations 


Rights  to  all  or  some  minerals  severed  from  surface  rights 
and  reserved  to  the  federal  government, 

1  *  ■ 

0  S  10  20  3  0  40 

Source  of  doto:  Land  status  mops, U  S.  Bureau  of  Land  Management 
Drawn  by  Barr 
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Fig.  106  -  Areas  of  Wyoming  where,  although  the  surface  is  no  longer  under  federal  jurisdiction,  some  of 
the  minerals  are.  Throughout  most  of  the  state,  only  the  "leaseable"  minerals  are  reserved  to  the  federal 
government. 
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EXTENT  OF  MINERALS  RESERVED  TO  FEDERAL  GOVERNMENT 
MONTANA,  I9S8 


LEGENO 

Reserved  Mineral  Rights 
Less  than  1/4  of  township  reserved 
1/4  to  1/2  of  township  reserved 
Over  1/2  of  township  reserved 


Rights  to  oil  or  some  minerals  severed  from  surfoce  rights 
ond  reserved  to  the  federal  government. 


Nofl  Porks, Forests  ond  Indion  Reservations 


Source  of  doto  Lond  status  maps, U  S .  Bureou  of  Land  Management 
Drown  by  Chovez 


Fig.  107  -  Areas  of  Montana  where  the  surface  has  passed  to  non-federa!  ownership  but  where  mineral 
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Fig.  108  -  Areas  of  Colorado  where  the  surface  has  passed  from  federal  ownership  but  the  rights  to  at 
least  some  minerals  have  been  retained  by  the  federal  government. 
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teeming  page  blank 


EXTENT  OF  MINERALS  RESERVED  TO  FEDERAL 

UTAH  ,  1968 


Rights  to  all  or  some  minerals  severed  from  surfac 
and  reserved  to  the  federal  government. 


40  MlUt 


Source  of  data :  Land  status  maps, US.  Bureau  of  Lond  Mam  „ 
Drawn  by  Barr  m* 


,  f'9  1 09  ' Ar9as  of  “tah  where  the  surface  of  the  tand  has  passed  from  federal  ownership  but  the  rights 
of  the  minerals  thereon  have  been  reserved  to  the  federal  government. 
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CHAPTER  7 


THE  SEARCH  FOR  MINERALS 

Have  any  significant  changes  occurred  in  the  search  for  nonfuel  minerals  in  the  United 
States  since  1872?  Since  1920 ?  What  factors  have  influenced  these  changes?  Have  any  such 
changes  since  1  947  followed  discernible  trends  which  might  be  projected  to  1985? 

A.  THE  EXPLORATION  PROCESS 

1 .  The  Purpose  of  Exploration 

An  orebody,  strictly  speaking,  is  that  part  of  a  mineral  deposit  which  can  be  mined  at  a 
profit  under  contemporary  technical,  economic,  and  legal  conditions.  Economic  conditions 
and  technology  are  constantly  changing,  as  are  the  laws  and  policies  of  governments.  All  of 
these  factors  dictate  whether  or  not,  at  any  given  moment,  a  mineral  deposit  or  any  portion 
ot  it  is  an  orebody.  There  is  no  arbitrary  grade,  size,  or  other  set  of  conditions  which  dictate 
w  let  ler  a  deposit  of  a  specific  mineral  is  or  is  not  an  orebody.  Hence,  mineral  exploration  is 
the  search  for,  and  evaluation  of,  mineral  deposits  which  have  the  potential  of  becoming 

orebodies  under  current  conditions  or  under  conditions  expected  at  some  foreseeable  date 
in  the  future. 

Prior  to  World  War  II,  deposits  of  uranium  minerals  were  of  little  interest  other  than 
academic,  but  they  became  quite  valuable  in  the  1950’s.  Federal  restrictions  and  subsequent 
reductions  in  government  buying  programs  later  caused  many  uranium  deposits  to  lose  their 
value.  Some  of  these  restrictions  have  since  been  lifted,  and  projected  increases  in  demand 
for  uranium  in  the  1970’s  have  resulted  in  intensive  new  exploration  for  the  radioactive 
metal.  This  change  will  probably  cause  many  unworked  deposits  to  regain  their  value  and 
many  old  mines  to  be  reopened.  The  “prudent  man”  (see  Chapter  16)  engaged  in  uranium 
minerals  exploration,  therefore,  does  not  restrict  his  efforts  to  those  deposits  which  are  (or 

can  be)  profitable  only  under  currently  known  conditions.  The  same  is  true  in  exploration 
for  all  minerals. 

2.  The  Phases  of  Exploration 

Mineral  exploration  generally  starts  with  the  definition  of  commodities,  or  groups  of 
commodities,  for  which  a  search  is  to  be  conducted.  Areas  known  or  suspected  to  have  the 
potential  for  valuable  mineral  deposits  are  selected  and  covered  by  regional  reconnaissance. 
This  regional  reconnaissance  may  simply  be  covering  the  ground  on  foot,  looking  for  signs 
ot  appropriate  mineralization,  or  it  may  include  any  combination  of  geologic  mapping, 
airborne  geologic  inspection  or  geophysical  prospecting,  ground  geochemical  and 
geophysical  surveys,  or  regional  geologic  study  and  the  interpretation  of  aerial  photographs 
or  the  results  of  remote  sensing  surveys.  A  major  portion  of  minerals  exploration  today  is 
directed  to  the  finding  of  geologic,  geophysical,  or  geochemical  features  or  other  minerals 
likely  to  be  associated  with  ore  minerals,  rather  than  for  definite  exposures  of  ore  minerals 
themselves.  Most  ot  the  obvious  direct  ore  exposures  in  the  United  States  have  long  since 
been  found  and  mined. 

Once  evidence  is  found  and  judged  to  be  favorable  tor  valuable  mineral  deposition, 
exploration  is  narrowed  down  to  the  target  area  containing  this  evidence.  This  area  is 
subjected  to  more  detailed  examination,  using  one  or  more  of  several  exploration 
techniques,  in  the  phase  of  exploration  termed  target  area  examination. 

Based  on  the  available  information,  its  interpretation,  and  geologic  theory,  one  or  more 
specific  targets  are  selected  which  are  then  normally  examined  by  some  form  of  excavation. 
This  may  be  the  drilling  of  diamond  drill  or  other  sample  holes,  trenching,  shaft  sinking,  or 
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tunnelling.  Drilling  is  the  most  common  method  used  today.  If  the  initial  drilling  intersects 
ore-grade  material,  or  material  containing  significant  quantities  of  ore  minerals,  or  strong 
new  geological  evidence  sufficient  to  indicate  the  presence  of  an  orebody  nearby, 
exploration  will  continue.  If  not,  the  examination  of  the  target  area  may  be  halted. 

In  oil  and  gas  exploration,  the  specific  target  is  normally  large  and  one  hole  may  suffice 
to  prove  or  disprove  the  presence  of  valuable  minerals  in  producible  quantities.  Furthermore, 
in  the  search  for  oil  and  gas,  if  an  exploratory  drillhole  intersects  an  oil  or  gas  deposit  that  is 
useable,  then  production  (and  income)  from  that  deposit  can  be  started  immediately,  using 
that  same  exploratory  excavation  (the  drill  hole)  as  the  recovery  conduit.  Such  is  not  the 
case  with  hard  minerals.  Most  metallic  and  many  non-metallic  mineral  deposits  are 
considerably  smaller  than  most  oil  fields  and  their  mineral  values  are  distributed  irregularly. 
Many  exploratory  holes  must  be  drilled  before  an  orebody  can  be  delimited,  and  such 
exploration  requires  considerable  time  and  expense.  More  than  1 0  holes  were  drilled  on  the 
Mission  disseminated  copper  orebody  south  of  Tucson,  Arizona,  before  the  initial  discovery 
of  valuable  mineral  was  made,  and  more  than  100  holes  were  drilled  before  an  actual 
orebody  was  defined.  This  is  typical  of  the  exploration  process  today. 

If  the  initial  drilling  is  favorable,  the  deposit  evaluation  phase  is  begun,  and  a  “tracking” 
program  is  set  up  using  widely-spaced  holes  to  determine  the  location  of  ore-grade  material 
and  its  extent.  Once  this  is  done,  and  if  the  results  are  still  favorable,  ore  mineral 
distribution  is  outlined  more  precisely  by  a  series  of  closely  spaced  holes  located  to  fill  in 
the  gaps  between  earlier  holes.  If  a  coherent  mineral  deposit  of  sufficient  size  and  grade  can 
be  outlined  to  constitute  a  potential  orebody,  feasibility  studies  are  made  to  determine 

whether  or  not  the  deposit  can  or  should  be  mined  under  contemporary  economic 
conditions,  and  if  it  can,  how. 

These  studies  may  indicate  that,  although  current  circumstances  are  unfavorable, 
foreseeable  changes  in  both  economics  and  technology  may  make  the  deposit  an  orebody  at 
some  future  date.  Under  normal  conditions,  the  deposit  is  then  retained  until  favorable 
conditions  either  arrive  or  are  created  (through  technology  changes),  whereupon  the 
deposit  is  developed  for  production.  For  example,  Kennecott’s  disseminated  copper  deposit 
near  Salford,  Arizona,  was  discovered  in  the  mid-1 950’s.  The  deposit  is  low-grade  however 
and  is  relatively  deep,  the  top  of  the  deposit  being  more  than  500  feet  below  the  surface. 
Research  directed  toward  making  technical  and  economic  conditions  more  favorable  is  still 
in  progress.  Currently,  the  deposit  is  the  subject  of  a  proposed  joint  Atomic  Energy 
Commission-Kennecott  Copper  Corporation  project  (Project  Sloop)  to  test  the  feasibility  of 
shattering  the  ground  with  a  nuclear  device  exploded  underground  and  subsequently 
leaching  the  copper  from  the  shattered  rock  in  place.  Other  examples  of  induced 
technological  change  are  common  throughout  the  history  of  mining. 

3.  Exploration  Objectives 


At  present,  although  immediately  useable  deposits  are  always  preferred,  much 
exploration  is  aimed  at  the  discovery  of  the  complex,  lower-grade,  deeper,  and  more  remote 
mineral  deposits  which  may  be  brought  into  production  within  ten  years  under  the 
economics  and  technology  of  the  future.  Current  exploration,  however,  is  carried  on  under 
today  s  conditions  of  competition  for  land  and  labor,  with  history  providing  the  framework 
tor  investigation  and  the  future  providing  the  definition  of  an  orebody. 

Each  of  the  major  phases  of  the  exploration  process  is  likely  to  have  its  own  specific 
objectives.  It  is  axiomatic  that  there  are  many  conditions  governing  minerals  exploration 
actwity  at  jjny  particular  time  and  that  at  some  other  time,  some  or  all  of  them  will  be 
changed  For  example,  a  favorable  change  in  the  international  outlook  for  chromite  prices 
the  depletion  of  a  major  existing  chromite  orebody,  or  the  development  of  an  appropriate 
geophysical  exploration  method  would  undoubtedly  bring  about  new  exploration  efforts  for 
chromite.  A  new  metallurgical  enterprise,  political  rejection  from  a  chromite-producing 
nation  or  a  new  geologic  view  of  the  ultrabasic  intrusive  igneous  rocks  commonly  associated 
with  chromite  could  have  the  same  effect.  Very  few  of  these  conditions  are  under  the  direct 
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Fig.  1  -  A  geologist  mapping  surface  and  geologic  features  in  the  initial  reconnaissance  phase  of  minerals 
exp  oration.  Such  field  activity  is  supported  by  extensive  office  and  laboratory  work  in  the  search  for 
potential  mineral  areas.  ’Photo  courtesy  of  Thomas  Nye.) 


Table  1 


THE  MINERAL  EXPLORATION  PROCESS 


I.  Preliminary  Preparation 

A.  Selection  of  program  criteria 

1 .  Selection  of  commodity  or  commodities  to  be  sought 

2.  Selection  of  general  guidelines  for  deposit  location  and  characteristics 

B.  Familiarization 

1 .  Review  of  available  literature 

2.  Review  of  known  areas  of  mineral  occurrence 

3.  Review  of  property  submittals  and  reports 

4.  Analysis  of  the  geology  and  projection  of  trends  of  structure  and  rock  formations, 
with  the  aid  of  maps  and  aerial  photographs 

5.  Selection  of  regions  for  reconnaissance 

# 

II.  Regional  Reconnaissance 


A.  Geologic  reconnaissance 

1 .  Airborne  reconnaissance:  search  for  color  or  topographic  anomalies 

2.  Ground  reconnaissance:  search  for  color,  petrological  or  mineralogical  anomalies 

3.  Examination  of  project  submittals  and  prospects 

4.  Reconnaissance  geologic  mapping 

B.  Geophysical  reconnaissance 

1 .  Airborne 

2.  Ground 

C.  Geochemical  reconnaissance 

1 .  Of  streams  draining  large  areas 

2.  Of  color  and  geophysical  anomalies  and/or  significant  areas  detected  by 
geological  reconnaissance 

D.  Determination  of  land  status 

E.  Selection  of  target  areas 

III.  Land  Acquisition 

A.  By  staking 

B.  By  lease  with  option,  from  private  owner 

C.  By  prospector’s  permit,  state  or  federal 

D.  By  state  or  federal  lease 
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Table  1  (continued) 


IV.  Examination  of  the  Target  Area 

A.  Detailed  geologic  mapping 

B.  Detailed  geochemical  surveys  on  the  ground 

C.  Detailed  geophysical  surveys 

D.  Mineral  and  rock  analysis  by  microscopic  and  X-ray  techniques 

E.  Evaluation  of  data 

F.  Selection  of  specific  deposit  for  evaluation 

G.  Fund  allocation,  road  construction,  and  drill  site  preparation 

V.  Physical  lesting  of  the  Parget  Deposit 

A.  Initial  drilling  (one  to  five  holes) 

1.  Log  core  and/or  cuttings 

2.  Split  samples  and  have  them  assayed 

3.  Record  and  plot  data 

4.  Draw  projections  of  data 

5.  Analyze  data  and  evaluate 

6.  Decide  to  continue  or  abandon  project 

B.  Follow-up  drilling 

1 .  Log  core  and/or  cuttings 

2.  Split  samples  and  have  them  assayed 

3.  Record  and  plot  data 

4.  Draw  projections  of  data 

5.  Analyze  data  and  evaluate 

6.  T rack  ore  mineralization  and/or  ore  mineral  indications 

7.  Decide  to  continue,  abandon,  or  postpone  project 

8.  Adjust  area  controlled 

C  .  Drilling  to  deline  the  mineral  deposit 

1 .  Log  core  and/or  cuttings 

2.  Split  samples  and  have  them  assayed 

3.  Record  and  plot  data 

4.  Draw  projections  of  data 

5.  Analyze  data  and  evaluate 

6.  Track  ore  mineralization  and/or  ore  mineral  indications 

7.  C  orrect  outline  of  mineral  deposit  from  new  drill  data 

8.  Estimate  tonnage  and  grade  of  deposit 

VI.  Evaluation  oj  the  Results, 


A.  Make  bulk  analyses,  metallurgical,  economic,  and  engineering  feasibility  studies 

B.  Decide  to  mine,  hold  in  reserve  for  more  favorable  conditions,  or  drop  the  property 
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control  of  an  exploring  individual  or  organization,  but  all  are  subject  to  estimate  and  to 
practical  projection.  Many  conditions  are  also  subject  to  personal  bias  in  their 
interpretation.  This  personal  factor  is  called  “irresponsibility”  following  a  failure  or  “keen 
foresight”  following  a  success. 

The  compilation  of  geologic  and  economic  data  for  a  region  under  consideration  is  a 
first  step  in  mineral  exploration,  but  an  equally  important  preliminary  job  in  any 
exploration  effort  is  a  study  of  related  case  histories  with  all  available  information  on 
expenditures  and  decisions.  Good  case  histories  can  usually  be  found  quite  readily  in  the 
mining  journals.  Recent  examples  deal  with  the  Questa  molybdenum  deposit  (Schilling, 
1965),  the  Carlin  gold  deposit  (McQuiston  and  Hemlund,  1965),  the  Irish  Silvermines 
lead-zinc  deposit  (Weber,  1964),  and  several  Australian  deposits  (Lawrence,  1 965).  History, 
in  respect  to  successful  exploration  ventures,  emphasizes  the  timely  use  of  new 
developments  under  existing  conditions.  In  studying  successful  past  ventures,  the  capital 
required  for  developing  similar  orebodies  under  today’s  economic  conditions  must  be  kept 
in  mind.  For  example,  the  Wallaroo  and  Moonta  orebodies  in  South  Australia  which  actually 
returned  15  percent  to  investors  during  a  50-year  period  would  present  an  unfavorable 
aspect  under  today’s  economics  because  the  necessary  investment  would  have  a 
comparatively  long  payout  period  of  30  years. 

If  any  one  central  theme  can  be  said  to  occur  in  case  histories  (other  than  luck,  the 
prospector’s  goading  spirit),  it  is  the  repeated  importance  of  continuing  evaluation  and 
re-evaluation  in  the  light  of  the  estimated  risk  and  the  expected  profit  after  each  exploration 
step  and  with  each  new  expenditure.  Each  run  of  drill  core  and  each  new  look  at  the 
assembled  geologic  data  is  likely  to  change  the  economic  and  technical  relationships.  The 
risk  vs.  profit  relationship  changes  with  new  mining  concepts,  with  regional  economic 
development,  and  with  new  company  or  governmental  attitudes.  Each  exploration  team  has 
a  different  set  of  conditions  to  evaluate.  Each  team,  in  essence,  has  its  own  set  of 
exploration  rules.  This  is  why  a  majority  of  new  orebodies  have  been  found  in  districts 
which  have  been  examined,  explored,  and  even  mined  repeatedly,  sometimes  by  the  same 
company.  It  is  no  wonder  that  many  exploration  men  keep  recalling  the  prospect  which 
they  rejected  five  years  ago  and  would  now  like  to  re-examine.  The  mineralization  will  not 
have  grown  in  five  years,  and  the  law  of  gambler’s  ruin  will  not  have  been  repealed  in  order 
to  allow  for  six  more  drill  holes,  but  the  economic  environment,  the  level  of  geologic 
knowledge,  and  the  technology  of  exploration  and  production  will  most  certainly  have 
changed. 

An  exploration  effort  may  consist  of  a  series  of  old-fashioned  but  still  completely 
applicable  and  necessary  prospect  examinations.  It  may  involve  a  modern  regional  selection 
program,  or  it  may  be  a  district  task-force  joo  undertaken  to  replace  a  depleting  orebody.  In 
any  event,  a  minerals  exploration  effort  is  a  sequence  of  investigations  and  decisions  in 
which  the  experience  of  past  failures  is  just  as  important  as  that  of  past  successes.  A  major 
requirement,  therefore,  is  a  continuity  of  experience.  It  is  thus  not  economical  for  a 
minerals  firm  to  make  drastic  reductions  in  exploration  personnel  in  times  of  recession  and 
then  expect  a  totally  new  organization  to  discover  orebodies  quickly  in  times  of  brighter 
outlook. 

The  exploration  team  of  engineers  and  geologists  must  have,  in  addition  to  education 
and  imagination,  a  thorough  understanding  of  the  current  objectives  and  economic 
capabilities  ot  the  organization.  A  small  exploration  organization  with  good  management 
communications  can  thus  compete  very  well  with  the  larger  and  more  unwieldy 
“opposition.”  Similarly,  the  small  miner-prospector  with  a  personal  interest  in  a  particular 
area  often  can  do  a  much  better  job  of  deposit-finding  than  larger,  more  sophisticated 
organizations.  In  fact,  the  small  miner-prospector  may  often  provide  the  continuity  of 
information  needed  for  successful  performance  by  the  larger  exploration  organizations. 

As  many  exploration  decisions  as  possible  should  be  made  in  the  field  by  qualified  men 
tamiliar  with  the  job  and  with  the  objectives  of  the  firm.  If  the  head  office  changes  the 
exploration  plan  or  preempts  funds  and  personnel  for  a  more  attractive  venture,  the  decision 
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should  be  fully  explained  to  the  field  men.  Such  is  part  of  the  pattern  of  company 
objectives  under  which  they  will  continue  to  operate  in  the  future.  By  understanding  the 
economics  of  company  objectives,  field  men  can  differentiate  between  interesting  but 
fruitless  tangents  and  potentially  important  windfalls.  As  a  case  in  point,  the  iron  ore 
deposits  of  tne  Labrador  1  rough  were  not  the  objective  of  the  base  metal  exploration 
efforts  in  the  area  in  the  early  1940’s.  The  sijde  issue  of  new  iron  ore  discoveries,  however, 
was  recognized  as  an  important  opportunity  and  soon  provided  the  opening  chapter  to  one 
of  the  great  mining  stories  of  the  century. 

.,,^n  exPl°rati°n  effort,  like  most  aspects  ol  the  mineral  industries,  has  a  great  number  of 
il  statements.  II  exploration  is  being  conducted  in  central  Alaska,  the  minimum 
objective  of  the  ellort  may  be  on  the  order  ol  several  million  tons  of  accessible  high-grade 
mineralization  or  it  may  be  a  hundred  million  tons  ol  near-surface,  low-grade  mineralization. 
With  such  threshold  values,  a  major  portion  of  the  exploration  budget  must  go  into 
reconnaissance  work  with  airborne  and  broad-scale  methods  directed  to  bringing  out  the 
largest  and  most  obvious  targets  in  a  limited  time  and  at  a  low  cost  per  square  mile. 
Programs  making  good  use  ot  reconnaissance  work  are  reported  in  case  histories  of  the  Kidd 
Creek  orebody  (Mitchell,  1964),  the  Bathurst-Newcastle  district  of  New  Brunswick 
(MacKenzie,  1958),  and  C  entral  Labrador  (Hogg,  1966).  With  the  necessary  low  unit  area 
costs  lor  exploration  and  land  acquisition,  a  large  profit  (relative  to  expenditures)  will 
accrue  to  the  earliest  company  involved  in  the  finding  ot  a  new  zone  of  mineralization.  The 
discovery  may  result,  however,  in  a  “holding  property”  from  which  profit  is  delayed  until 
there  are  tavorable  changes  in  the  economics  of  the  area  or  of  the  commodity.  At  any  rate, 
companies  arriving  on  the  scene  at  a  later  date  with  pay  a  premium  in  order  to  obtain  a 
piece  ot  the  good  fortune  under  conditions  of  reduced  risk. 

If  exploration  is  being  conducted  in  a  well-established  mining  district,  in  Arizona  or 
Nevada,  tor  example,  the  minimum  exploration  objective  can  be  more  flexible.  A 
deeply-buried  or  low-grade  orebody  can  be  pertectly  acceptable  near  an  already  established 
large-scale  mining  operation.  The  deep  Kalamazoo  orebody  near  San  Manuel,  Arizona,  and 
the  relatively  deep  phosphate  reserves  at  Crawford  Mountain,  Utah,  near  the  Leefe  open  pit 
mine  and  processing  plant,  are  illustrative  examples.  In  fact,  even  a  rather  small  orebody  is 
important  when  mining,  processing,  and  transportation  facilities  are  close  at  hand.  This  is 
especially  true  it  the  known  orebodies  are  soon  to  be  exhausted.  The  key  which  opens  a  new 
producing  mine  is  thus  held  by  the  established  local  operating  companies.  Their  attitudes 
and  the  availability  ot  their  facilities  are  therefore  of  major  importance.  An  existing  and 
lully-amortized  beneticiation  plant  is  an  asset,  but  only  to  the  owner. 

Because  its  objectives  and  results  must  be  more  precisely  defined,  exploration  budgeting 
in  an  established  district  must  make  provision  lor  detailed  geologic  work,  extensive  drilling, 
and  high-resolution  geophysics.  Underground  exploration  in  new  mine  workings  may  be 
required,  and  the  cost  ot  such  methods  relative  to  the  information  obtained  generally  has 
not  decreased  in  the  same  manner  as  the  cost  of  reconnaissance.  Land  acquisition  and 
royalty-purchase  payments  are  normally  large  and  complex  items.  Large  total  profits  are 
obtainable,  but  under  such  conditions  there  is  little  opportunity  to  be  the  first  on  the  scene 
with  a  high  ratio  of  profit  to  exploration  cost. 

The  range  in  objectives  for  individual  projects  can  be  further  illustrated  by  considering 
the  economics  of  finding  an  orebody  with  a  high  unit  value  versus  the  cost  of  finding  a  bulk, 
low-grade  orebody.  In  the  high  unit  value  instance  (typified  by  many  uranium  deposits  on 
the  C  olorado  Plateau),  relatively  high  exploration,  mining,  processing,  and  shipping  costs  per 
ton  ot  ore  can  be  accepted.  There  is  an  opportunity  for  an  early  return  on  investment, 
provided  the  pre-production  investment  is  small  to  moderate.  Risk  capital  for  such  ventures 
generally  requires  an  early  return.  Ore  reserves  can  be  indicated  in  a  very  general  way,  for 
the  main  geologic  problem  is  in  finding  ore  mineralization  in  the  first  place. 

The  definition  of  a  commercial  orebody  in  such  high  unit  value  deposits  in  order  to 
separate  exploration  work  from  development  work  requires  only  enough  ore  to  support  a 
small-scale  operation.  Development,  mining,  and  the  delimitation  of  the  orebody  then  go 
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ahead  in  close  association  until  enough  ore  has  been  outlined  to  warrant  the  obtaining  of 
capital  for  an  expansion  project,  a  new  tunnel  level,  or  a  large  processing  plant.  Exploration 
costs  for  high  unit  value  targets  are  mostly  incurred  by  the  search  for  ore-grade 
mineralization.  Such  search  costs  have  a  risky  and  expensive  “needle  in  a  hay  stack”  aspect. 
1  l,'e  pre-production  cost  of  outlining,  investigating,  and  developing  the  orebody  is  kept 
relatively  low  but  the  calculated  cost  per  ton  for  mining  and  processing  may  be  relatively 
.igh.  This  is  the  typical  pattern  of  exploration  and  mining  for  shallow-seated  uranium  and 
mercury  deposits  and  for  many  orebodies  such  as  the  early  gold  and  silver  deposits  of  the 


Bulk  low-grade  orebodies  of  copper,  molybdenum,  complex  base  metal  ores,  many 
industrial  minerals,  and  even  disseminated  gold  are  receiving  current  emphasis  and  now 

evenUtho  iehathpbfr/tla  ?f  the  W°rld’S  mineral  Production-  F°r  such  deposits, 

even  though  the  total  cost  of  finding  large  zones  of  mineralization  may  be  considerable  the 

ZToZTTJf  r  ^  °f  an“Cipated  °re  mUSt  be  keP‘  «uite  The  major 
exploration  and  development  costs  relative  to  each  ton  of  ore  generally  occur  after 

mineralization  has  been  found.  They  involve  the  outlining  of  the  entire  orebody  and  the 

dose  estimation  of  grade,  mineralogy,  geomechanical  conditions,  and  groundwater 

conditions.  A  arge  pre-production  investment  is  usually  anticipated,  and  there  is  a  need  for 

a  low  cost  per  ton  in  mining,  processing,  and  shipping. 

Pre-production  capital  is  irrevocably  committed  once  the  green  light  is  given  however 
and  such  operations  cannot  be  financed  on  the  basis  of  hastily  executed  exploration  and 
development  programs.  This  is  the  major  point  of  difference  in  the  economics  of 
exploration  between  targets  involving  bulk  low-grade  orebodies  and  those  involving  high 
..nit  value  orebodies.  Repeated  economic  analyses  and  alternative  programs  are  made  from 
the  very  early  exploration  stages  onward,  and  the  effort  calls  for  close  cooperation  between 
geologists  metallurgists,  and  mining  engineers.  As  much  precision  is  required  as  can  be 

explomHo/tim:  T  ^ Wi,h  ske(^  geologic  data  o'r  with  a  limited 

exploration  time,  the  economic  analysis  must  be  made  to  provide  large  safety  margins  so 
much  so  in  tact,  that  an  entire  project  may  be  prematurely  abandoned  in  favor  ol  a  less 

Fleld  crews’  ho'vever.  often  !°se  Sight  of  the  fact  that  their  particular 

The  ohile  f  f  must1com.Pete  with  other  well-investigated  demands  for  available  capital 
Hie  objective  of  an  exploration  program  thus  is  normally  established  as  early  as  possible  and 

reevaluated  as  often  as  practicable.  This  avoids  unrealistic  expenditures  early  in  the  effort 
and  permits  the  funding  ot  detailed  work  when  it  is  most  critical. 

Ill  many  respects  the  vaiious  phases  of  exploration  and  the  objectives  of  those  phases 
have  not  varied  significantly  since  the  period  prior  to  1872.  The  relative  importance  of  The 
different  phases  has  changed,  however,  and  this,  combined  with  changes  in  the  types  of 
tposits  sought,  has  wrought  significant  changes  in  the  minerals  exploration  process. 
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B.  MINERALS  EXPLORATION  BEFORE  1872 
1 .  The  Exploration  Process 

Although  terminology  differed,  and  the  more  elaborate  techniques  and  equipment  known 
to  modern  geologists  were  not  available  to  the  early  prospectors,  the  phases  of  the 
exploration  process  used  in  the  period  prior  to  1872  were  essentially  the  same  as  they  are 
today.  True,  the  target  area  examination  and  deposit  evaluation  phases  were  often 
condensed  and  overlapping,  but  they  did  exist,  and  in  that  order,  despite  the  fact  that  they 
also  frequently  overlapped  or  were  coincidental  with  the  development  and  production  stages 
of  mineral  resource  utilization.  To  the  early  placer  gold  seeker,  his  initial  panning,  if  it 
yielded  some  gold,  was  not  only  his  target  examination  but  also  his  deposit  evaluation  and 
the  beginning  of  his  production.  In  many  vein  and  other  early  deposits,  the  exploration  was 
never  really  finished  until  the  orebody  had  been  mined  out.  In  certain  respects  this  is  still 
true  today.  Then,  as  now,  minerals  exploration  involved  essentially  a  search  for  anomalies 
and  then  the  evaluation  of  those  anomalies  that  were  found. 

Before  1872,  mineral  exploration  in  the  Western  United  States  was  mainly  concerned 
with  the  search  tor  silver  and  gold  in  California  and  the  Mountain  West.  Such  exploration 
was  really  more  prospecting  or  reconnaissance,  for  exploration  as  presently  defined  includes 
the  outlining  ot  a  known  potential  deposit  to  determine  its  tonnage  and  value,  although  in 
current  mining  parlance  the  two  terms  are  often  used  interchangeably. 

Before  1849  the  only  kind  of  prospecting  in  the  West  was  carried  on  in  the 
Spanish-Mexican  tradition  and  was  limited  to  the  almost  chance  discovery  of  outcrops  of 
silver  ore  which  could  be  smelted  in  crude  furnaces  with  charcoal  and  then  (after  the 
discovery  of  the  patio  process  by  Bartolome  de  Medina  about  the  middle  of  the  Sixteenth 
Century)  reduced  and  amalgamated  with  mercury  imported  from  Spain.  In  fact,  it  was  a 
“silver”  mine  that  Andres  Castillero,  a  Mexican  cavalry  captain  (who  had  been  sent  by  his 
government  in  1845  to  confer  with  General  Sutter  about  the  purchase  of  his  fort), 
discovered  near  the  Mission  of  Santa  Clara,  California,  only  later  to  find  that  it  contained 
mercury  rather  than  silver.1 

This  early  Mexican  tradition  was  of  little  account  in  the  early  1850’s  when  prospecting 
in  the  West  was  hardly  more  than  a  savage  onslaught  on  the  placer  deposits  in  the  streams 
and  rivers  of  California  by  men  with  no  experience  who  searched  aimlessly,  hoping  that 
chance  would  bring  them  to  a  find  like  that  of  Marshall  in  the  tailrace  of  Sutter’s  mill.  Only 
later  did  they  come  to  realize  that  a  straight  run  of  stream  was  to  be  avoided  and  a  bend 
with  a  sand  bar  was  a  place  to  be  dug  with  alacrity.  Yet  it  is  in  these  earlier  conditions  that 
early  mining  law  had  its  origins. 

Common  law  at  the  time  implied  that  the  finder  of  gold  had  a  right  to  it  as  well  as  to 
access  to  water  independent  of  the  normal  landowner’s  equity,  and  that  where  there  was  no 
established  law,  local  citizens  could  legislate  for  their  needs.  As  a  result,  early  miners  and 
prospectors  in  California  organized  themselves  into  public  meetings  and  on  the  spot  argued 
and  ratified  their  understanding  of  placer  law. 

It  became  fairly  general  in  California,  and  elsewhere  in  the  West,  that  a  placer  mining 
claim  was  between  50  and  100  feet  long,  extending  along  the  channel  of  a  water  course  and 
sufficiently  back  to  the  banks  to  allow  a  claim  to  be  worked.  The  claim  had  to  be  located 
and  marked  in  some  way  or  other,  recorded,  and  a  pit  put  down.  No  man  could  possess 
more  than  one  claim  at  a  time,  though  there  were  no  objections  to  an  association  of  partners 
to  work  several  claims.  In  all  cases  a  certain  amount  of  work  had  to  be  performed  on  the 
claims  for  a  specified  time;  otherwise,  they  were  regarded  as  abandoned.  No  one  had  the 
right  to  take  more  water  than  he  needed  nor  could  he  dump  spoil  that  was  likely  to  impede 
the  work  of  others.  At  its  best  the  law  was  reasonable  and  sensible,  and  disputes  could  be 
settled  either  by  the  recorder  of  claims  or,  in  more  difficult  situations,  by  an  elected 
tribunal  of  the  miners  themselves. 

By  1851  almost  every  fluvial  claim  in  California  had  been  exhausted  and  the  search  for 
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new  deposits  took  the  form  of  an  attack  on  the  great  gravel  banks  of  the  Sierras  by  the 
process  oi  hydraulic  mining.  By  the  time  these  also  were  exhausted,  ten  years  of 
accumulated  experience  had  produced  a  corps  of  prospectors  who  were  to  find  new  deposits  all 
over  the  country  and  the  world.  The  change,  imperceptible  at  first,  could  be  said  to  date 
rom  the  1850’s  when  the  California  Mother  Lode  was  found  and  the  Comstock  Lode  was 
uncovered  in  Nevada.  The  change  accelerated  in  the  1870’s. 

The  old-time  prospector  may  have  worked  by  rule-of-thumb  methods,  but  he  possessed 
a  remarkable  eye  for  landscape  as  he  searched  systematically  for  orebodies.  He  knew  almost 
instinctively  where  valuable  minerals  had  most  likely  been  trapped  and  so  came  to  prefer  a 
landscape  which  revealed  some  deep  faulting  or  cracking  in  the  earth’s  crust  (as  in  the  Basin 
and  Range  country),  some  powerful  upwelling  of  the  magma  (as  in  the  Sierra  Nevada  and 
tne  rounded  domes  of  the  Rockies),  and  other  obvious  igneous  intrusions.  His  guiding 
principle  was  that  the  older  and  the  deeper  the  rock,  the  higher  would  be  the  chance  that  it 
would  be  mineralized.  So  it  was  that  he  avoided  the  cinders  and  lava  flows  of  basic 
nhcamsir  and  prei erred  the  unpretentious  batholiths  and  laccoliths  and  the  sedimentary 
formations  that  had  been  shaped  by  crustal  movement  or  by  igneous  action  from  below  and 
into  which  magma  had  been  intruded. 

What  his  experienced  eye  was  looking  for,  as  he  worked  in  isolation,  was  the  “float”  in 
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outwasli  gravels,  the  minute  particles  of  gold  that  had  been  eroded  away  from  a  vein  by  the 
action  of  running  water,  for  he  knew  that  if  he  could  trace  the  “float”  back  up  a  stream  he 
might  arrive  at  its  source.  He  had  his  own  methods  of  testing  the  difference  between  the  real 
gold  and  fool’s  gold”  by  cutting  them  with  a  knife  and  “tasting”  them  in  his  mouth,  and 
he  knew  the  importance  of  examining  carefully  the  physical  state  of  the  gold  particles  or  the 
rock  in  which  they  were  contained.  If  they  were  round  and  smooth,  it  meant  that  they  were 

far  from  the  source  of  origin;  but  if  they  were  angular,  it  meant  he  was  not  too  far  from 
their  main  supply. 

In  the  early  days  of  placer  mining,  the  prospector  might  do  no  more  than  begin 
operations  at  a  favorable  site  on  a  promising  stream,  dig  a  prospect  hole  down  to 
bedrock,  and  inspect  his  soil  samples.  After  that  would  follow  dry  sampling  or  panning, 

depending  on  whether  water  were  readily  available  or  not.  This  would  be  followed  by  crude 
testing  for  gold. 

As  the  richest  placer  deposits  became  discovered  and  worked,  however,  the  prospector’s 
search  tor  orebodies  became  a  much  more  sophisticated  affair.  One  widely  used  method 
involved  first  digging  test-holes  over  a  wide  area  of  ground,  not  at  random,  but  according  to 
a  preconceived  plan,  taking  out  soil  samples  and  washing  them  by  panning.  These  were 
worked  gradually  up  a  slope  following  one  contour  and  then  another,  with  the  prospector 
even  looking  for  the  dirt  thrown  up  by  burrowing  animals  in  case  they  might  have  exposed 
some  rock,  until  no  mor c  float  was  to  be  found  and  until  the  trial  holes  assumed  the  pattern 
of  an  extended  triangle  with  its  apex  pointing  towards  the  probable  source  of  the  gold  float. 

If  no  outcrop  were  visible,  it  would  be  assumed  that  the  soil  covered  a  hidden  outcrop. 
It  was  also  known,  however,  that  an  outcrop  was  not  usually  ore-bearing  throughout  its 
entire  length.  More  digging  would  therefore  follow,  with  pits  or  trenches 

until  there  were  signs  of  gold  trapped  in  pieces  of  gangue. 

The  prospector  then  made  a  rough  but  adequate  on-the-spot  calculation  of  the  rock  s 
gold  content.  A  small  sample  was  taken  (usually  about  one  pound  in  weight)  and  ground  in 
an  iron  mortar.  To  it  were  added  mercury,  salt,  and  soda.  The  resulting  mixture  was  poured 
oft  until  finally  a  tiny  pellet  was  left  behind,  the  amalgam  of  mercury  and  gold.  This  was 
then  tightly  wrapped  in  a  piece  of  paper,  roasted  on  a  shovel  to  drive  off  the  mercury,  and 
the  bead  or  button  of  gold  revealed. 

The  prospector  finally  made  his  own  estimate  of  how  much  the  ground  was  likely  to 
assay  in  gold  to  the  ton  of  ore.  All  that  now  remained  to  be  done  was  to  stake  out  his  claim 
to  a  vein  or  lode  (and  he  knew  the  regulations  to  the  last  detail)  and  visit  the  recorder  and 
the  professional  assayer.  Such  was  the  way  that  prospecting  was  carried  out  until  the  arrival 
in  the  field  during  the  late  1860’s  of  the  professionals  from  the  various  schools  of  mines, 
expecially  those  in  London,  Cornwall,  and  Freiberg,  to  begin  with,  and  then  later  from  the 
American  schools. 

2.  Reconnaissance  Methods 

In  discussing  mineral  exploration  methods  and  techniques  in  the  period  prior  to  1872,  it 
is  uselul  to  treat  separately  regional  reconnaissance,  the  examination  of  known  mineralized 
districts,  and  the  evaluation  of  specific  mineral  deposits.  The  methods  and  techniques  of  the 
three  activities  differed  greatly  in  the  18()()’s,  and  in  many  cases  still  do. 

An  exploration  target  is  a  mineral  deposit,  real  or  hypothetical,  which  is  believed  to  have 
profit  potential.  A  target  area  contains  a  combination  of  geologic  (including  geochemical 
and  geophysical)  clues  which  point  to  the  possible  existence  of  a  profitably  mineable 
mineral  deposit.  A  target  area  is  limited  in  size,  in  which  one  or  more  specific  exploration 
targets  (i.e.,  potential  mineral  deposits)  exist. 

In  the  period  before  1872,  known  target  areas  in  the  Western  United  States  were  found 
by  both  regional  reconnaissance  and  accident.  Specific  targets  also  were  commonly  the 
result  of  regional  reconnaissance  or  accidental  discovery,  but  some  also  were  defined  on  the 
basis  of  the  exploration  of  known  mineralized  districts. 
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,  R!x°n.na'ssance  methods  and  techniques  in  use  in  the  1800’s  can  be  conveniently 

fnrthe  6  h w°ca‘e80r,es’  geologic  and  geochemical.  Geologic  methods  and  techniques  can 
further  be  classified  as:  topographic;  mineralogic  (including  ore  minerals  gangue  minerals 
and  gossan  mmerab};  alteration  haloes;  lithologic  and  stratigraphic;  and ”t™S  in  “g 

the  samnim/oT'  contacts’  and  folds-  Geochemical  methods  and  techniques  included  both 
sampling  of  stream  sediments,  and  residual  and  transported  overburden  and  what  we 

eZnrf  8e0b0rr'  T‘h0dS-  A  thM  Cate^’  which  constitutes  a  third  main  type  of 
exploration  methods  today,  is  the  geophysical  method.  Geophysical  methods  were  not  in 

in  1873  and  in  i875-  -d  * 

exploration'1  methods*  nT h  fr°"!  “  paper  read  in  Australia  in  1939  describes  mineral 
ml|°  ;  6 f  ™ethods  of  the  ear]y  prospector.  It  is  just  as  descriptive  of  the  exploration 

Australian  prosp^ctorTmV"  ‘he  WeStem  Sta,eS  in  the  i800’s  as  il  was  of  the 

“Everyone  knows  the  term  ‘kindly  country’  as  used  by  miners  and 

hthidn  'll’  S°metlmes  one  Part  of  an  area  is  said  to  be  ‘kindly’  because  it  differs 

‘gree nsfoiie country  p1  ^  Part;  WhiCh  is  ,‘unkind|y-’  Thus,  in  Western  Australia 
Sv'  ?*  ’  COUntry  comP"sed  of  ancient  basic  igneous  rocks)  is 

kindly  for  gold,  whereas  granite  country  is  ‘unkindly.’  But  the  experienced 

prospector  goes  further  than  this-the  presence  of  certain  igneous  intrusions  in  a 

Of  suchTntru^ons  Fhl^  ^  u  “  ud,dlier  C0Untry  ,han  a  greenatone  area  devoid 
I  l  f,  Purtker’  other  thmgs  being  equal,  he  knows  that  a  greenstone 
area  that  is  bOti  and  schistose  is  kindlier  than  one  that  is  hard  and  blockv  and 

going  into  still  more  detail,  he  will  prefer  one  area  of  schis'ose  greens.one  to 
another  perhaps  because  it  has  more  ‘kaolin’  or  shows  little  seams  of  ‘ironstone  ’ 

in ’the  gra.ns°of' dv^T’  becausf, of  some  Perhaps  scarcely  definable  difference 

nd  cation  firs  fhe  I i/h  ?  ’  th®  efper,enced  P"*Pector  regards  as  reliable 

indications,  first  the  lithology,  second  the  structure,  third  the  mineraloev  of  the 

country  near  the  lode.  The  lithological  factor  is  the  dominant  o^  for  examole 

an  aiea  oi  sheareu  and  sericitized  granite  is  not  kindly-the  favorable  structural’ 

st  np“abny  rrs  f:?:% 

necessarUy  unfavorable*  iiTanothIer.Un^aV°ra'5'e  indiCati°nS  in ’°ne  distriCt  are 

Minmg  geologists  have,  to  a  certain  extent,  systematized  accumulated 

of  vreensTn 111,0  HUCh  statements  as  ‘Important  gold  bodies  occur  in  certain  types 
greenstone  and  are  situated  in  definite  positions  structurally’  -for  exanmle  in 
one  district,  on  the  limbs  of  minor  folds  that  cross  the  main  structos  Bm 

ote-'bodies  w’m  Votan’e8eVM  ^  faVOrable  COndltl°ns  of  lithology  and  structure, 
oTcu  °t"eSywm  ""  ^  ^  do 

jutting  throug'h  an8otherwise  flat  all  Peculiari,ias  of  topography,  such  as  a  small  knob 

the  sSt  thetTo  **  “P  ,s» 

S  p:8m"eqntrt2,COntentnand  ™sses°f  *"* 

kTTlf£'  QTm  reSiStS  weathering,  and  the  erosion  of  quarcz-ri  h 
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occurred  in  well-developed  quartz  veins.  Realizing  the  common  occurrence  of  these 

prospectors  looked  for  bold  outcrops.  When  discovered,  they  were 

from  the  r»m  lcatlons  of  metal  content.  Usually  pieces  of  quartz,  if  present,  were  broken 

established  alZ  3nd  pann5d-  Samples  "tight  also  be  sent  to  assayers  in 

established  camps,  or  in  towns  such  as  San  Francisco  or  Denver. 

nmcne  tble  deP°S‘tS  were  not  always  marked  by  prominent  outcrops,  and  with  experience 
fhevP  t0rS  ^eCam,e  aWare  of  thls-  Some  ore  minerals  weather  faster  than  the  rock  in  which 
n-,rLme,H°nt  ainedf’  3nd  SmaU  depress,ons  wU1  form  over  deposits  of  those  minerals.  This  is 
fo  the  rn  K  °  SOme  types  of  lead  and  Sllver  ores-  Thus  a  prospector  might  be  attracted 
indistincTatothm1"6  Par'S  °f  “  Ve'n  Wh°S6  outcrop  was  Prominent  at  some  places,  but 

In  using  mineralogic  guides  to  ore,  the  presence  or  absence  of  certain  minerals  in  rock 
£”0  rHeCO"  as  a  valid  criterion  forjudging  the  relative  merit  of  outcrops.  In  order 
minerals  thls  cntenon  two  capabilities  were  necessary:  ( 1 )  the  ability  to  identify 

minerals,  and  (2)  the  ability  to  determine  the  significance  of  the  mineral  in  a  specific 

r=,nX  er^y  pr°speCtors  fluently, had  reasonably  good  capabilities  in  lljc  area 

determine  , h'  r  ’  Were  JUSt.  as  'r«P*<-n.ly  misled  by  a  lack  of  ability  to 

significance  Ot  a  particular  mineral  in  a  given  environment. 

esse  !e  ablllty  to  ‘dentify  minerals  by  means  of  simple  physical  and  chemical  tests  was  as 

colors'^* nH/  prospeetl"g  m  tile  1800’s  as  it  is  today.  Some  minerals  have  very  characteristic 
colors  and/or  crystal  forms  which  were  often  sufficient  in  themselves  for  identification  by 
an  experienced  prospector.  Two  minerals  similar  in  appearance  may  often  be  distinguished 

SLTatrhVh  1VV,ardcnef  °ne  may  be  grooved  by  a  penny  while  the  other  will  only  be 

while  f ool  WnM  T  6  °t  v  PleCeJ°f  br0ke"  8'aSS-  G°ld  nattens  when  hit  wi‘h  3  hammer, 

f  (',r0n  Pyn‘e)  POWders'  The  usefub'ess  of  easily  determinable  or  readily 
observable  physical  properties  in  mineral  identification  is  indicated  by  some  common 

3  ames SPcbas:  heavy  sPar-  blue  vitriol,  horn  silver,  peacock  copper.  Simple  chemical 
tests  such  as  solubility  in  weak  acid  solutions  were  also  known  to  and  employed  by  some 
prospectors  well  before  1 872.  w  y  y 

..,knTb"  Mi°f  ^vouragmg  minerals  were  those  of  valuable  metals,  but  gangue  minerals  were 
also  useful  guides  to  the  early  prospector.  The  gangue  minerals  of  a  deposit  accompany  the 
ore  minerals,  but  are  either  worthless  or  cannot  be  recovered  in  saleable  form.  Gangue 

n  nerahz^m,  °T  nr  o  'ntereS‘  ‘°  prosPec,ors  as  indicators  of  possible,  nearby,  valuable 
mineralization.  Two  of  the  most  common  gangue  minerals  are  quartz  and  iron  pyrite.  Pyrite 

is  usually  very  readily  identifiable  due  to  its  common  cubic  shape  and  brassy  yellow  color.  It 
is  ot  extremely  widespread  occurrence  in  Western  metal  mining  districts. 

_  nlhfr  nUt?TPS  °f  3  la^e  ™,mber  of  deposits  of  gold,  silver,  copper,  lead,  and  zinc,  as  well 
as  other  metals,  are  marked  by  varying  quantities  of  conspicuously  rust-colored  iron  oxide 

,nH  ,r.ont?Xlde  resu  !s  lrom  the  withering  of  iron  pyrite,  a  compound  of  iron  and  sulfur 
and  ol  other  minerals,  notably  copper  minerals,  which  contain  sulfur  and  often  iron.  This 

11^  iron  oxide  was  referred  to  in  the  old  days  as  a  gossan  or  iron  hat.  It  is  one  of  the 
oldest  known  clues  to  the  existence  of  ore  deposits,  and  even  in  the  1800’s  only  a  greenhorn 
would  have  passed  up  an  apparent  gossan  without  giving  it  a  look. 

Alteration  haloes  are  formed  by  the  processes  by  which  valuable  minerals  become 
concentrated  in  mineral  deposits,  often  producing  side-effects  (known  as  alteration)  in  the 
rock  surrounding  the  mineral  deposit.  The  changes  in  the  surrounding  rock  may  be  physical 
and/or  chemical.  In  many  cases  such  alteration  was  readily  detectable  to  the  prospector. 

In  these  alteration  zones,  limestone  may  be  turned  to  marble;  shales  may  be  turned  into 
.  mty  hornstones;  dark  rocks  may  be  bleached;  and  scattered  grains  of  pyrite  may  form. 
Upon  weathering  and  leaching  of  the  pyrite,  a  red  iron  oxide  capping  may  form  over  an  area 
ot  tens  ot  acres.  This  latter  phenomenon  is  the  same  as  that  resulting  in  the  formation  of 
gossans  over  veins  or  lodes,  except  that  the  weathering  pyrite  is  scattered  throughout  a 
larger  volume  of  rock.  In  the  period  before  1872,  as  today,  prospectors  looked  for  such 
alteration  features  as  guides  to  ore. 
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The  rock  types  found  in  an  area  constitute  the  lithology  of  the  area.  It  has  long  been 
recognized  by  prospectors  that  in  a  given  district,  one  rock  type  will  be  a  favorable  host  for 
mineral  deposits  while  other  rock  types  will  not.  The  excerpt  from  the  article  by  Clarke  and 
Ellis,  previously  quoted,  illustrates  well  the  use  of  lithologic  guides  by  prospectors  for  gold 
in  Australia.  Greenstones  are  better  than  granites,  and  greenstones  which  have  been  cut  by 
certain  igneous  intrusive  rocks  are  better  than  those  which  have  not  been  so  invaded. 

A  very  similar  situation  prevailed  in  the  California  Mother  Lode  country.  Prospectors 
looking  lor  gold  veins  sought  “slate  country.”  And  when  they  went  out  of  the  mother  lode 
into  districts  in  other  states,  they  carried  with  them  the  idea  that  gold  would  be  found  in 
slate  country  ,  but  not  just  any  kind  of  slate.  The  slate  must  be  like  that  of  California. 

While  it  is  frequently  safe  to  apply  a  particular  lithologic  guide  to  a  district,  it  is  often 
hazardous  to  transfer  it  from  one  district  to  another.  Thus,  the  fact  that  rich  silver  ore 
occurred  in  andesite  at  the  Comstock  Lode  in  Nevada  did  not  mean  that  it  was  likely  to  be 
ound  in  andesite  in  every  silver  district.  And  while  slate  may  have  been  the  favored  host 
rock  in  the  Mother  Lode  country,  gold  veins  might  be  (and  have  been)  found  in  andesite  in 
another  district.  Within  limits  (and  these  may  be  quite  broad  limits),  lithologic  guides  to  ore 
are  very  useful.  But  early  (and  more  recent  as  well)  prospectors  expended  very  large 
amounts  of  effort  and  money  fruitlessly  on  account  of  ill-advised  transfers  of  lithologic 
guides  from  one  region  to  another. 

Closely  related  to  the  use  of  rock  types  as  guides  to  ore  is  the  use  of  specific  rock 
formations.  Layered  rocks  are  commonly  referred  to  as  strata.  Thus,  if  one  limestone  bed 
contains  copper  deposits,  while  the  underlying  and  overlying  beds  do  not,  the  presence  or 
absence  of  the  favorable  bed  is  referred  to  as  a  stratigraphic  guide.  Stratigraphic  guides, 

,n»  are  actually  a  sub-type  of  lithologic  guides,  and  were  likewise  used  and  misused  bv 
early  prospectors. 

Fractures,  folds,  and  some  other  features  of  rock  masses  constitute  what  is  known  as  the 
structure  of  a  rock  mass.  Veins  very  often  fill  fractures,  and  in  a  given  district,  fractures  of 
one  orientation  often  will  be  found  to  be  more  favorable  for  ore  deposition  than  those  of 
oiher  orientations.  Moreover,  fractures  along  which  there  has  been  movement  of  the  rock 
wans  may  be  more  favorable  than  fractures  along  which  no  movement  has  taken  place, 
ihere  may  be  zones  ol  broken  rock  in  folds  in  limestone  or  other  layered  rocks.  These 
broken  zones  provide  paths  through  which  fluids  containing  valuable  metals  can  pass 
perhaps  depositing  some  of  the  metal.  ’ 

In  some  districts,  fluids  carrying  metals  may  have  risen  until  they  encountered  a  dam 
lormed  by  the  intersection  of  their  pathway  with  a  deflecting  impermeable  bed  of  rock 
ouen  shale.  At  the  intersection  they  deposited  their  load  of  metals.  Contacts  between  rock 

types  of  contrasting  physical  and/or  chemical  properties  thus  have  often  been  favorable  sites 
lor  finding  ore  deposits. 

^  these  structural  controls  of  ore  deposits  were  well  known  to  prospectors  of  the 
1 800  s.  The  quartz-filled  fracture  or  fracture  zone  probably  received  more  attention  from 
prospectors  than  most  of  the  other  guides  put  together.  While  the  search  for  quartz  veins  led 
10  ,uany  discoveries,  preoccupation  with  quartz  veins  caused  many  promising  areas  to  be 
overlooked  by  some  early  prospectors. 

Geochemical  methods  of  exploration  are  techniques  for  detecting  very  small  amounts  of 
particular  chemical  elements  which  may  lead  to  mineral  deposits.  The  techniques  used 
usually  depend  heavily  on  chemistry  for  identification  of  the  elements  and  the 
determination  of  their  relative  abundance.  One  widely  used  method  involves  the  sampling  of 
stream  sediments  and  of  residual  and  transported  overburden.  Residual  overburden  is  soil 
which  lies  unmoved  on  the  rock  from  which  it  formed.  Transported  overburden  is  soil  and 
broken  sock  which  has  moved,  topically,  down  hillsides. 

Following  a  trail  of  gold  back  to  its  source  by  panning  stream  sediments  up  drainage 
systems  is  one  ot  the  oldest  methods  of  the  prospector.  When  the  gold  disappeared  from  the 
stream  sediment,  the  early  prospector  moved  up  adjacent  slopes  panning  overburden  until 
hopetully,  he  found  the  lode  from  which  the  gold  derived.  Other  minerals  are  also 
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discoverable  by  panning.  Among  them  are  native  (elemental)  mercury,  mercury  in  sulfides, 
tin  (as  cassiterite),  lead  (as  galena),  and  other  heavy  metals.  Following  mercury  to  its  source 
by  panning  led  to  the  discovery  of  some  of  the  earliest  California  mercury  deposits  In  a  few 
districts  in  which  gold  was  associated  with  galena,  galena  was  probably  sought  in  the  gold 
pan  as  well  as  gold  itself. 

For  centuries,  miners  and  prospectors  have  speculated  about  the  association  between 
certain  plants  and  mineral  deposits.  The  zinc  violet  ( Viola  calaminaria)  is  a  well  known 
example  of  such  an  association.  A  knowledge  of  these  associations  was  brought  from  Europe 
to  the  United  States  by  miners.  It  is  almost  certain  that  some  prospectors  in  the  West  were 
aware  of  them,  but  it  is  not  known  to  what  degree  a  few  prospectors  may  actually  have 
attempted  to  use  them  as  guides  to  ore.  In  any  event,  in  a  paper  read  before  the  American 
Institute  of  Mining  Engineers  in  1886,  it  was  reported  that  the  zinc  violet  had  been 

recognized  at  the  Horn  Silver  Mine  in  Utah,  the  ore  of  which  contained  considerable  zinc 
sulfide. 


3.  Target  Examination  and  Evaluation 

Many  of  the  skills  and  guides  helpful  in  early  regional  reconnaissance  were  also 
applicable  to  target  area  examination  in  mineralized  districts  and  ihe  evaluation  of  specific 
mineral  deposits.  However,  in  these  latter  stages  of  exploration,  a  proportionately  greater 
amount  of  time,  effort,  and  money  was  spent  on  sampling  than  in  the  reconnaissance  stage. 

In  the  1800  s  outcrop  sampling  was  usually  the  first  step  in  attempting  to  pinpoint 
targets  for  detailed  evaluation.  If  the  samples  yielded  promising  assays,  or  if  insufficient 
outcrop  were  present,  shallow  pits  and  trenches  would  be  dug.  This  work  was  all  done  by 
hand  labor.  In  some  western  districts,  hundreds  of  pits  and  trenches  were  dug  on  covered 
parts  ot  veins,  dikes,  and  other  interesting  geologic  structures. 

If  a  specific  target  could  be  identified  (and  often  even  when  it  could  not),  the  next  step 
was  underground  exploration.  Shafts  and  adits  with  drifts  and  cross-cuts  were  driven  as  far 
into  the  earth  as  money  or  ground  conditions  would  permit,  or  until  the  prospectors  decided 
that  discovery  was  not  likely.  The  underground  workings  of  this  period  were  for  the  most 
part  relatively  shallow,  rarely  penetrating  as  much  as  300  feet  underground.  The  mining 
technology  developed  at  the  Comstock  mines  during  the  years  from  1860  to  1880  changed 
this  situation  radically.  By  1880  shafts  had  penetrated  to  depths  of  more  than  2,000  feet 
below  Virginia  City.  The  Sutro  Tunnel,  the  purpose  of  which  was  to  permit  exploration  and 
development  of  the  Comstock  Lode  at  deep  levels,  was  started  in  1869  and  reached  the  lode 
in  1879.  By  that  time  the  lode  was  already  being  worked  1,000  feet  below  the  level  of  the 
tunnel,  however,  and  most  of  the  ore  was  gone.  The  tunnel  was  over  20,000  feet  long,  and 
four  and  a  half  million  dollars  were  consumed  by  the  project.5 

At  the  beginning  of  the  1860  s,  mechanical  drills  were  not  available  for  sampling  or  for 
driving  underground  workings.  All  drilling  was  done  by  hand-held  hammers  and  steels.  This 
situation  began  to  change  by  1870.  Some  have  considered  the  importation  of  the  first 
diamond  drill  into  the  United  States  from  France  in  1869  as  the  beginning  of  modern 
exploration  techniques.6  Diamond  drills  were  used  to  explore  deep  levels  in  the  Comstock 

only  after  1880,  however,  and  it  was  not  until  1875  that  a  steam  drill  had  been  adopted  by 
Colorado  miners. 7 

4.  Exploration  Entities 


Mining  engineers  and  trained  geologists  were  almost  never  used  in  early  mineral 
reconnaissance.  The  only  significant  exception  to  this  in  the  West  was  the  case  of  the  Sonora 
Exploring  and  Mining  Company,  which  employed  engineers  to  explore  for  mines  and  to 
develop  and  operate  them  in  Southern  Arizona  in  the  late  1850’s.  Considerable  use  was 
made  of  engineers,  however,  in  prospect  evaluations,  in  district  examinations,  and  in 
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directing  underground  exploration.  In  the  early  days  of  the  Comstock  Lode,  mining 
engineers  engaged  in  such  activity  commonly  worked  12-hour  shifts  for  $100  per  month/ 

In  1880,  the  Division  of  Mining  Geology  of  the  newly  established  United  States 
Geological  Survey  was  allocated  about  half  of  the  entire  appropriation  granted  to  the 
U.S.G.S.  by  Congress.  9  The  first  assignments  of  the  Mining  Division  geologists  were  the 
Comstock  Lode  and  Eureka  District  in  Nevada,  and  the  Leadville,  Colorado,  District.  At  the 
same  time,  Dr.  James  Douglas  made  a  three-day  examination  of  the  Eureka  and  Wade 
Hampton  claims,  which  turned  out  to  be  two  of  the  best  claims  in  the  Jerome  District  in 
Yavapai  County,  Arizona,  for  a  fee  of  $500.  It  is  not  known  if  the  $500  was  also  to  cover  Dr. 
Douglas’  travelling  expenses  from  Maricopa  Wells,  Arizona,  to  the  claims  or  if  that  was  only 
his  professional  fee.10 

The  United  States  Geological  Survey  and  professional  engineers  such  as  Dr.  Douglas  did 
not  really  come  into  prominence  in  the  exploration  for  minerals  on  the  public  lands  of  the 
United  States  until  after  1872.  For  a  discussion  of  exploration  entities  and  organizations  in 
the  period  before  1872,  it  is  convenient  to  classify  exploration  into  that  for  new  districts 
and  that  of  known  districts.  In  the  years  of  the  1 850’s  and  early  1 860’s,  the  principal  types 
of  deposits  sought  by  prospectors  searching  for  new  districts  were  placer  and  lode  gold 
deposits  and  silver  deposits,  all  rich  enough  to  pay  their  way  from  the  day  of  discovery. 
Exploration  methods  were  simple,  including  panning  up  streams  to  find  the  sources  of  gold 
nuggets  or  crushing  and  panning  of  iron-stained  rock  from  outcrops  of  quartz  veins.  The 
only  costs  involved  were  subsistence  level  expenditures  for  supplies  for  the  normally  lone 
prospector. 

This  raw  exploration  was  carried  out  by  lone  prospectors  working  on  their  own  or  in 
partnerships.  Probably  most  of  the  time  the  prospectors  financed  their  own  forays,  but  it 
was  not  uncommon  for  them  to  seek  outside  financing.  A  common  form  of  financial 


Fig.  3  -  Early  exploration  organisations  end  equipment  were  relatively  simple.  Minerals  reconnaissance 
and  a  major  portion  of  detailed  target  area  examination  were  performed  by  prospectors  working  alone  or  in 
partnerships.  Their  mejot  targets  were  visual  geological  and  mineralogical  anomalies.  (Photo  courtesy 

Art  ions  Pioneers  Historical  Society.) 
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arrangement  was  the  grubstake  agreement  under  which  the  entrepreneur  providing  supplies 
would  receive  an  interest  in  any  discoveries  made,  but  did  not  take  part  in  the  physical 
search  efforts. 

Generally,  the  prospectors  searching  for,  the  deposits  intended  to  mine  them.  When  a 
new  district  was  discovered,  the  initial  exploration  and  development  ol  the  deposit  was  done 
by  the  discoverers.  Workings  in  lode  mines  hardly  ever  penetrated  very  deeply  underground, 
the  prospectors  being  chiefly  interested  in  th  e  near-surface  parts  oi  veins  which  had  been 
enriched  by  surface  geologic  processes. 

It  was  practically  unknown  during  the  period  prior  to  1872  for  companies  to  be 
organized  actually  for  the  purpose  of  carrying  out  exploration  for  new  mining  districts.  One 
noteworthy  exception  was  the  Sonora  Exploring  and  Mining  Company,  which  was  active  in 
the  exploration  for  the  development  of  mines  in  Southern  Arizona  in  1856  and  following 
years.  The  venture  was  promoted  in  the  East  by  Charles  Poston,  who  raised  $100,000  for  it, 
with  a  promise  of  $  1 ,000,000  more.1 1 

During  the  1850’s  and  1860’s,  exploration  in  discovered  districts  consisted  almost 
wholly  of  “following  the  ore.”  Developments  in  mining  methods  and  equipment  in  the 
1870’s  made  it  possible  to  follow  mineralization  to  depths  previously  unattainable,  and  by 
1886  workings  had  been  sunk  to  depths  of  over  3,000  feet  at  the  Comstock.  1  hese  and 
other  developments  brought  about  changes  in  the  types  of  organizations  exploring  the 
districts  discovered  by  the  prospectors.  It  was  still  true  that  the  individual  discoverers  did  a 
good  deal  of  initial  exploration  and  development  of  the  veins  and  other  deposits  that  they 
found,  but  often  now  they  formed  companies  to  do  the  work.  In  the  1860’s  the  entire 
Comstock  district  was  developed  and  continuing  exploration  performed  by  companies 
whose  shares  were  traded  on  the  San  Francisco  Mining  Exchange. 

These  developments  also  increased  the  interest  of  financiers  in  investment  in  Western 
mines.  Agents  of  many  New  York,  San  Francisco,  and  British  financiers  travelled 
throughout  the  West  examining  prospects  and  mines  and  acquiring  the  most 
favorable-looking  ones.  Thus,  a  great  deal  ol  exploration  was  carried  out  in  developing 
districts  by  corporations  controlled  by  San  Francisco,  East  Coast,  and  British  capital.  This 
situation  intensified  in  the  period  from  1880  to  1900. 

The  Eureka  district,  Nevada,  provides  an  interesting  example  of  the  types  of 
organizations  involved  in  exploration  of  Western  mining  districts  in  the  last  years  of  the 
1 870’s.  The  following  is  abstracted  from  a  paper  by  W.S.  Keyes,  superintendent  of  the 
Eureka  Consolidated  Mining  Company,  read  at  an  American  Institute  of  Mining  Engineers 
meeting  in  1 877. 

“Silver  ore  was  first  discovered  in  the  Eureka  District,  Nevada,  in  late  1864  or 
early  1865  by  travellers.  The  discoverers  made  some  locations  and  left.  Little  was 
done  in  the  district,  beyond  merely  adopting  the  Reese  River  mining  rules  and 
regulations,  until  the  spring  of  1869  when  a  furnace  for  reduction  of  the  ores 
was  built.  By  the  fall  of  1869,  two  eastern  corporations,  the  Tannahill  Company 
and  the  Buttercup  Company,  had  done  some  work  in  the  district,  but  both 
ultimately  failed. 

“It  was  in  the  summer  of  1869  that  the  outcrops  of  the  lodes  were  found 
which  made  Eureka  prominent.  They  were  found  by  Cornish  miners  two  and 
one-half  miles  west  of  the  town  of  Eureka  which  had  sprung  up  near  the  original 
locations.  The  locators  explored  and  developed  their  new  discoveries.  Before  long 
two  small  fumances  were  built  to  treat  the  ores.  The  results  were  highly 
encouraging.  Subsequently,  a  party  of  San  Francisco  capitalists  bought  out  the 
owners  of  the  claims  and  a  consolidation  was  effected  with  the  Buel  and  Bateman 
Co.  which  had  built  the  two  furnaces.  From  the  properties  thus  united  resulted 
the  corporation  now  known  as  the  Eureka  Consolidated  Mining  Co.  It  was 
organized  in  July  1870.  During  the  next  few  years  a  large  number  of  corporations 
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were  formed  to  work  the  mines  of  the  district.  Among  these  was  the  Richmond 
Mining  Company  of  Nevada,  a  subsidiary  of  the  Richmond  Consolidated  Mining 
Company  of  London.”12 

An  earlier  example  of  the  same  type  of  development  is  provided  by  the  growth  of 
hydraulic  gold  mining  in  California.  That  was  also  an  undertaking  too  expensive  for  the  lone 
prospector.  The  result  was  the  formation  of  companies  to  explore  and  mine  the  low-grade 
placers  amenable  to  hydraulic  mining. 

5.  Exploration  Costs 

While  mine  development  and  the  deposit  evaluation  and  target  area  examination  phases 
of  exploration  were  becoming  more  costly  by  1872,  the  regional  reconnaissance  phase 
remained  relatively  inexpensive.  Virtually  all  mineral  reconnaissance  in  the  1800’s  was  done 
by  prospectors,  either  on  their  own  account  or  under  a  grusbtake  agreement.  Thus  the  cost 
of  reconnaissance  amounted  to  the  cost  of  maintaining  one  or  more  prospectors  and  their 
pack  animals  in  the  field.  In  addition  to  these  costs  were  the  costs  of  assaying  samples  of 
promising  outcrops  which  the  prospectors  might  discover. 

Some  idea  of  the  cost  of  provisions  and  thus  the  cost  of  reconnaissance  can  be  obtained 
from  the  costs  of  board  in  mining  towns.  At  Prescott,  Arizona,  for  example,  board  could  be 
had  for  from  $16  to  $25  per  month  in  the  1870’s. 13  Costs  were  higher  in  areas  where  the 
demand  for  supplies  was  great  and  their  supply  small  due  to  real  isolation  and  inadequate 
transportation.  In  many  areas  game  was  abundant,  and  the  prospectors  lived  off  the  land, 
while  in  others,  it  was  not  and  complete  provisions  had  to  be  supplied. 

The  Sonora  Exploring  and  Mining  Company  previously  mentioned  was  one  exception  to 
the  general  use  of  prospectors  for  reconnaissance.  That  company  employed  engineers  for 
reconnaissance,  although  it  may  have  used  prospectors  as  well.  Organized  at  Cincinnati  in 
1856,  and  incorporated  under  Ohio  laws  with  a  two  million  dollar  capitalization  in  1857, 
the  company  originally  committed  $100,000  cash  to  its  ventures,  and  supposedly  had 
promises  of  a  million  dollars  more.14  This  relatively  high  budget  was  established  to  cover 
land  acquisition  as  well  as  exploration  and  development  costs,  however. 

In  the  later  stages  of  exploration  (district  examination  and  prospect  evaluation), 
engineers  were  frequently  employed.  As  mentioned,  Dr.  James  Douglas  received  a  fee  of 
$500  in  1880  for  a  three-day  examination  of  two  claims  in  the  Jerome,  Arizona,  district, 
and  this  may  have  included  his  travelling  expenses  from  Maricopa  Wells  to  Jerome  and  back. 
Dr.  Jules  Marcon,  a  geologist  who  accompanied  one  of  the  railroad  expeditions  west  in  the 
1850’s,  received  $100  per  month  and  expenses. 

Deposit  evaluation  was  far  more  expensive,  even  in  the  1  800’s.  An  example  of  the  cost 
of  such  exploration  projects  is  the  Sutro  Tunnel  in  the  Comstock.  The  tunnel  was  driven 
more  than  20,000  feet  to  permit  exploration  in  deep  levels  of  the  mines  on  the  Comstock 
Lode  and  to  permit  profitable  mining  of  ore  shoots  which  might  be  found.  From  the  point 
of  view  of  exploration,  the  project  was  a  failure,  since  shafts  had  penetrated  1000  feet 
deeper  than  the  tunnel  level  by  the  time  the  tunnel  reached  the  ore  zone.  The  tunnel  did 
permit  more  extensive  exploration  over  a  five  year  period  following  its  completion, 
however,  but  this  exploration  did  not  turn  up  significant  quantities  of  ore.  The  cost  of  the 
project  as  given  by  Richard  was  $4.5  million,  with  the  actual  cost  of  driving  the  tunnel 
amounting  to  $2.1  million.15 

6.  Principal  Minerals  Sought 

During  the  period  from  1 860  to  1 880  a  real  progression  is  evident  in  the  types  of 
mineral  deposits  sought  in  the  Western  States.  This  progression  was  the  result  of  evolving 
technology,  which  created  new  and  expanding  markets  for  mineral  raw  materials,  and  which 
made  possible  production  of  those  materials  from  previously  unassailable  ores  and  ore 
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repeatedly  swept  through  mining  towns  made  of  frame  buildings.  Field  stone  or  brick 
buildings  laid  up  in  mud  or  in  lime  mortar  became  the  standard  type  of  construction 
throughout  the  gold  country.  In  fact,  a  great  deal  of  lime  had  to  be  imported  from  Europe 
to  supply  demand  during  the  early  part  of  the  gold  rush  period. 18 

Salt  was  being  produced  in  the  San  Francisco  Bay  area  in  the  1850’s.  The  metallurgical 
process  developed  for  recovery  of  silver  from  the  Comstock  ores  required  salt.  This  not  only 
resulted  in  increased  production  in  the  San  Francisco  area,  but  in  exploration  for  salt  closer 
1°.  Comstock  Lode.  Salt  was  discovered  in  "saline  playa  deposits  in  Teels  Marsh  and 
i  ota’68  Marsh  in  Mineral  County,  Nevada,  and  was  produced  from  them  in  the  1860vsand 
1 870  s.  It  was  used  not  only  at  the  Comstock,  but  in  other  districts  in  Nevada  as  well. 

Exploration  for  other  minerals  was  also  encouraged  by  the  metallurgical  demands  of  the 
Comstock.  The  most  important  ot  the  early  activities  in  the  Yerington  District  in  Nevada 
appears  to  have  been  the  mining  of  natural  “bluestone”  (copper  sulfate)  to  supply  the 
reduction  works  at  Virginia  City  during  the  period  when  the  great  bonanza  orebodies  of  the 
Comstock  Lode  were  being  extracted.  The  bluestone  occurred  in  the  outcrops  of  the 
principal  orebodies  of  the  Yerington  district  in  considerable  quantities.  Many  thousands  of 
tons  were  mined  to  furnish  the  copper  sulfate  used  in  the  Washoe  process  of  amalgamating 
the  silver  ores  of  the  Comstock  Lode.19 

Nevertheless,  bet  ore  1872,  gold  was  the  most  sought-after  metal  in  the  West.  In  the 
beginning  ( 1 848-1  849),  the  type  of  deposit  sought  was  the  rich,  surface  placer  in  which  gold 
occurred  in  the  free  state  and  could  be  recovered  from  stream  gravels  by  the  simplest 
gravity  concentration  methods  such  as  panning  and  sluicing.  Bonanza  placer  gold  deposits 
were  discovered  in  California  in  1 848.  Their  discovery  led  to  the  rapid  exploration  of  the 
western  territories  and  the  successive  development  of  placer  mines  in  nearly  all  of  them. 
Exploration  tor  the  sources  of  the  gold  and  the  placers  began  on  the  heels  of  discovery  of 

i  ie  placers  themselves,  and  both  placer  and  lode  deposits  were  actively  sought  throughout 
the  West. 

During  the  period  before  1872,  two  major  types  of  silver  deposits  were  sought.  In  one 
type,  silver  (or  silver  and  gold)  occurs  in  ores  relatively  free  of  copper,  lead  or  zinc  An 
outstanding  example  of  this  type  is  the  Comstock  Lode  in  Nevada.  In  the  other  type  silver 
(ot  ten  with  gold)  occurs  with  abundant  copper,  lead,  or  zinc,  or  a  combination  of ’these. 
Antimony  and  arsenic  also  are  often  present  in  these  ores.  In  both  cases,  the  deposits 

,c_^ltllough  there  was  limited  exploration  for  both  copper  and  lead  in  the  West  before 
18/2  such  metals  were  not  sought  as  intensively  as  gold  and  silver  and  those  minerals 
t elated  to  their  production.  The  techniques  of  minerals  exploration,  as  well  as  the  entities 
and  costs  involved,  were  therefore  all  geared  to  the  search  for  precious  metals.  Exploration 
tor  industrial  mineral  commodities,  including  the  base  metals,  was  negligible 
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C.  CHANGES  IN  MINERAL  EXPLORATION  TO  1947 
1.  Methods  and  Techniques 

Between  the  1870’s  and  1947,  the  three  basic  phases  of  the  exploration  process 
remained  essentially  unchanged,  although  the  objects  of  exploration,  the  methods  and 
equipment  used,  and  the  nature  of  the  individuals  and  organizations  engaged  in  the  search 
or  minerals  did  change.  In  some  respects,  the  changes  were  great;  in  others,  they  were  slight. 

In  the  1800’s  the  non-ferrous  base  metals  became  the  objects  of  intensive  minerals 
xp  ora  ion  in  the  Western  States  where  largely  gold  and  silver  had  been  sought  before.  In  the 
irst  half  of  the  20th  Century,  deposits  of  other  metals,  iron,  molybdenum,  and  other 

errous  alloy  metals,  as  well  as  industrial  minerals,  were  added  to  the  growing  list  of 
exploration  goals. 

Other  features  of  minerals  exploration  also  changed.  As  the  size  of  useable  deposits 
grew  the  average  size  of  target  areas  increased  and  the  time  involved  in  target  examination 
and  deposit  evaluation  lengthened.  Costs  also  rose  as  the  potential  returns  from  deposit 
discovery  increased  and  the  number  of  easily  found  deposits  declined. 

s°me  methods  of  exploration  remained  virtually  unchanged  while  others  were  varied 
drastically  to  adapt  to  new  types  of  targets  and  new  equipment.  New  applications  of 
scientific  principles  such  as  magnetism  and  electrical  conductivity  as  well  as  new  chemical 
techniques  also  introduced  new  procedures  into  minerals  exploration.  More  advanced 
methods  of  excavation  also  had  their  effects. 

An  integral  part  of  prospecting  has  always  been  sampling  in  order  to  determine  the 
nature  quality,  and  quantity  of  the  minerals  present  in  a  deposit  so  that  an  estimate  might 
be  made  of  its  economic  value.  In  exploration  sampling,  change  has  been  gradual  for  some 
of  the  very  first  methods  used  still  apply.  By  1947  the  use  of  test  pits  was  still  common  if 
the  ground  were  not  too  wet  and  did  not  tend  to  cave.  Pits  were  also  used  for  the  sampling 
of  dumps.  Augers  and  posthole  diggers  were  still  used  for  sampling  soft  and  low-grade 
matenal,  such  as  iron  ore,  or  for  sampling  piles  of  tailings.  Trenching  for  cutting  through 
shallow  deposits  or  a  tailings  pile  was  also  in  wide  use.  Channel  sampling  by  hand,  i.e., 
cutting  a  shallow  channel  a  few  inches  wide  in  an  exposed  surface  of  ore,  whether 
underground  or  on  the  surface,  was  likewise  still  employed  at  the  close  of  World  War  II. 

A  more  sophisticated  method  of  sampling  brought  into  operation  in  the  I880’s  was  core 
drilling,  of  which  there  evolved  two  kinds,  diamond  drilling  and  calyx  or  shot  drilling.  These 
were  used  tor  sampling  deposits  of  iron,  copper,  gold,  lead,  zinc,  salt,  slate,  gypsum, 
miestone,  and  many  other  minerals  where  the  rock  was  firm  enough  to  give  a  good  core 
Churn  drilling  had  come  into  widespread  use  by  1947  for  softer  ores  and  often  for  copper 
ores,  though  in  the  latter  case,  it  was  common  practice  to  further  check  sampling  results  by 

other  methods.  C  hurn  drills  were  also  used,  of  course,  for  drilling  blast  holes  in  open  pit 
mining  operations. 

The  exploration  methods  and  techniques  developed  in  the  period  before  1880  were 
many  and  varied.  They  had  not  been  synthesized,  however,  into  a  unified  body  of  geologic 
principles.  Thus  the  disciplines  of  exploration  geology  as  we  know  it  did  not  exist,  except  in 
a  very  rudimentary  form.  In  the  final  two  decades  of  the  19th  Century,  however,  this 
discipline  mushroomed. 

In  one  respect,  it  was  only  the  applications  of  geologic  techniques  that  changed  out  of 
all  recognition,  because  ot  the  more  specialized  knowledge  of  the  geologist  himself,  the 
greater  use  ot  geological  maps,  and  such  sophisticated  methods  as  prospecting  from  the  air 
At  one  time,  leached  outcrops  could  only  be  examined  by  the  expensive  and  slow  business 

of  shaft-sinking,  whereas  by  1947  they  could  be  subjected  to  chemical  and  microscopic 
studies  of  rock  obtained  from  core  samples. 

Increasing  understanding  of  geologic  processes  also  helped.  It  was  learned  that  massive 
sulfide  ores  shrink  in  volume  when  oxidized,  the  oxide  minerals  occupying  less  space  than 
the  sulfide  minerals.  Discovery  of  this  phenomenon  set  in  motion  a  search  for  overlying  rock 
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f  *  TV  diamond  drill  i r/as  introduced  into  American  minerals  exploration  in  the  late  1800's  and 
Quickly  be  cart  °  an  important  tool  in  the  testing  of  mineral  deposits.  Such  equipment  as  this  now  provides 
significant  information  about  subsurface  conditions.  (Photo  courtesy  of  Thomas  Nye.) 
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cracks.  Thus  at  Bisbee,  Arizona,  cracks  and  surface  subsidence  were  studied  as  indications  of 
the  site  of  new  copper  sulfide  orebodies.  A  greater  awareness,  moreover,  of  the  genetic 
origin  of  mineral  deposits  made  it  possible  to  ascertain  the  geological  control  which  had 
caused  minerals  to  be  laid  down  in  a  given  area.  The  search  for  minerals  thus  became  even 
more  the  search  for  the  geological  feature  that  had  controlled  mineral  deposition. 

There  weie  also  other  factors  that  had  hardly  been  accessible  to  the  prospector  before 
1872.  These  included  a  greater  understanding  of  the  working  of  magma  and  its  relationship 
to  intersecting  fault  zones,  plunging  anticlines,  and  other  structures.  These  were  traditional 
in  a  way,  but  earned  themselves  a  new  significance.  By  1947  an  eye  was  still  kept  open  for 
physiographic  guides  to  new  deposits,  however.  Furthermore,  the  prospector  still  looked  for 
mineralogical  guides  such  as  an  excess  of  calcium  in  altered  surface  flows  indicating  a 
possible  replacement  of  bodies  of  lead  ore  in  the  limestone  beds  below.  The  plotting  of 
sample  results  of  different  minerals  occurring  together,  so  that  the  trend  of  each  might  show 

general  trends,  became  a  useful  technique.  Lithological  and  stratigraphic  guides  also 
remained  in  wide  use. 

By  1947,  since  the  main  outcrops  of  most  sought-for  minerals  had  already  been  found 
and  mined,  a  substantial  part  of  the  search  for  mineral  deposits  moved  from  the  field  to  the 
laboratory.  Geochemical  prospecting  as  we  know  it,  the  search  for  and  evaluation  of 
geochemical  anomalies,  areas  in  which  the  chemical  pattern  of  selected  materials  indicates 
the  possible  presence  of  ore,  was  begun.  Although  in  a  sense  geochemical  prospecting  had 
been  used  before  1872,  by  1947  property  most  usually  measured  in  establishing  the 
existence  of  geochemical  anomalies  was  the  trace  content  of  some  element  or  group  of 
elements  in  rock,  soil,  gossan,  glacial  debris,  vegetation,  or  stream  sediments,  which  were 
plotted  as  dispersion-pattern  maps  of  geochemical  data. 

There  are  several  other  forms  ol  modern  exploration  which  were  completely  unknown 
to  the  prospector  of  the  1860  s  but  which  were  developed  in  the  following  decades  of  the 
19th  Century  and  during  the  lirst  half  ol  the  20th  Century.  Most  of  these  we  now  class  as 
types  of  geophysical  methods.  Geophysical  prospecting,  of  course,  in  no  way  became  a 
substitute  for  geological  prospecting,  but  rather  was  developed  as  a  supplementary  means  of 
locating  likely  mineral  deposits  by  providing  information  about  hidden  structural  and 
mineralogical  features  so  that  further  exploration  by  other  means  might  be  more  effective. 
The  methods  of  geophysical  prospecting  developed  by  1947  were  several,  but  all  were 
unknown  to  the  early  seeker  of  base  and  precious  metals. 

Magnetic  prospecting,  using  a  magnetic  needle  that  was  free  to  move  in  any  direction, 
was  one  of  the  earliest  of  geophysical  methods.  Willi  the  dip  needle  or  magnetometer  it 
became  possible  to  locate  magnetite  orebodies  by  measuring  their  magnetic  anomalies.  A 
later  development  involved  the  use  of  a  magnetometer  towed  beneath  an  airplane  while 
sophisticated  equipment  in  the  plane  recorded  the  total  magnetic  field  covered. 

Gravitational  prospecting  using  gravimeters,  devices  measuring  the  relative  attraction  of 
various  parts  of  the  earth’s  crust,  were  also  developed  before  World  War  II.  But  this 
technique  was  more  often  used  in  exploring  for  oil  and  gas  than  for  nonfuel  minerals, 
although  it  was  extremely  useful  in  detecting  the  presence  of  salt  domes.  Seismic 
prospecting  was  also  more  extensively  used  in  oil  exploration.  In  this  method  the  firing  of 
charges  of  explosives  beneath  the  earth  was  used  to  produce  longitudinal  and  transverse 
vibrations  in  the  ground.  The  properties  of  rock  between  the  shock  source  and  the  recording 
instruments  could  then  be  ascertained  by  the  velocity  with  which  shock  waves  traveled 
through  the  ground.  Electrical  prospecting  methods  were  developed,  based  onthe  knowledge 
that  there  are  differences  in  electrical  conductivity  between  ore  minerals  and  the  enclosing 
rocks  or  between  adjacent  geological  formations.  Metallic  sulfides  are  especially  good 
conductors  of  electricity. 

By  1947  the  importance  of  radioactive  minerals  had  just  been  recognized,  but  this 
recognition  led  to  still  another  kind  of  modern  prospecting.  The  equipment  developed  to 
search  lor  these  minerals  included  the  geiger  counter  and  the  scintillation  counter,  both  of 
which  were  sensitive  to  gamma  rays  emitted  by  uranium-bearing  rocks. 
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Thus,  while  the  principles  behind  prospecting  tor  minerals  remained  the  same,  the 
technology  in  many  respects  changed  substantially.  The  minerals  seeker  still  sought  an 
anomaly,  but  the  type  of  anomaly  had  changed.  To  gold  colors  had  been  added  magnetic, 
electrical,  and  radioactive  variables.  Mineralogical,  chemical,  and  color  anomalies,  however, 
still  retained  their  usefulness  in  minerals  exploration.  Skilled  and  trained  and  equipped  with 
the  new  technology  of  diamond  drills  (already  at  work  in  the  1880’s),  and  later  with  churn 
drills,  and  even  later  with  geophysical  equipment,  the  professional  engineers  to  a  limited 
extent  superceded  the  old  -time  prospector  who  had  evolved  his  own  methods  in  the  hard 
school  of  experience.  V  et  the  principles  behind  those  methods  were  so  sound  that  they  have 
never  been  completely  abandoned,  appearing  in  textbooks  of  mining  written  by 
professional  mining  geologists  and  engineers  even  up  to  the  present.  To  this  extent,  the 
general  pattern  of  prospecting  in  existence  before  1 860  did  not  change,  though  of  course 
diamond  drilling  and  other  modern  techniques  have  proved  to  be  cheaper  and  more  reliable 
than  the  old  method  of  putting  down  trial  shafts  to  estimate  the  position,  size,  shape,  and 
value  of  an  orebody. 

2.  Exploration  Entities 

but  the  lone  prospector  was  really  replaced  only  in  the  deposit  evaluation  phase  of 
mineral  exploration.  Prior  to  194/,  most  mining  companies  had  no  formal  exploration 
organization.  The  geology  department  of  a  company,  under  the  direction  of  the  chief 
geologist,  normally  consisted  of  resident  mine  geologists  (who  also  reported  directly  to  their 
respective  mine  managers),  a  few  staff  and/or  research  geologists,  and  a  few  field  men  who 
examined  and  evaluated  mineral  properties  which  came  to  the  attention  of  the  company  , 
hxploiation  consisted  largely  of  individual  prospect  examinations  by  mining  geologists 
and/or  engineers.  It  an  initial  evaluation  report  were  favorable,  physical  exploration  might 
be  done  which  might  include  drilling,  surface  trenching  or  pitting,  and  the  driving  of 
underground  workings.  Reconnaissance  and,  to  a  large  extent,  target  aiea  examination  were 
soil  the  primary  functions  of  the  tone  prospector,  even  as  late  as  1947. 

Prior  to  World  War  II,  a  large  part  of  a  mining  company’s  exploration  was  normally  done 
by  resident  geologists  in  the  vicinity  of  the  active  mine  operations  to  which  they  were 
assigned.  New  geologists  were  generally  assigned  to  operating  mines  to  gain  experience  in  the 
practical  aspects  of  mining  geology  and  in  the  problems  of  making  and  maintaining  a  mining 
operation  before  being  allowed  to  go  into  exploration  work.  Many  companies  had  limited 
geological  stalls  and  relied  upon  consulting  geologists  and  engineers  to  examine  mineral 
properties  lor  them.  Geophysical  exploration,  where  considered  desirable,  was  done  by 
outside  service  organizations.  A  few  of  the  largest  companies  maintained  small  regional 
offices  in  the  Western  United  States  and  in  several  foreign  countries  (principally  in  South 
America)  to  take  care  of  prospect  examinations  as  they  were  submitted. 

In  short,  prior  to  194/  exploration  by  most  established  mining  companies  was  more  or 
less  passive.  Companies  depended  almost  exclusively  upon  the  individual  prospector  and 
small  miner  to  find  mineral  deposits  and  at  least  partially  to  examine  and  develop  them. 
These  properties  were  then  submitted  or  came  to  the  attention  of  the  large  companies  who 

made  their  own  examinations,  further  exploring  and  developing  the  most  attractive-looking 
properties. 

By  1947,  however,  rising  costs,  together  with  a  decrease  in  the  number  of  remaining 
well-exposed  mineral  deposits  which  could  be  easily  and  cheaply  developed,  had  made  it 
more  difficult  for  the  small  miner  and  prospector  to  operate  successfully.  Most  of  the  small 
easily-found,  high-grade  deposits  and  the  large,  well-exposed,  low-grade  deposits  located  in 
areas  open  to  exploration  and  development  were  in  operation  or  had  been  mined  out  and 
closed  down. 
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ELECTRICAL 


SYNOPSIS  OF  GEOPHYSICAL  EXPLORATION  METHODS 


Method 

Unit 

Parameter 

Physical 

Properties 

Causes  of 
Anomalies 

Major  Application 

Magnetic  a,b 

Gamma= 

10'5 

Gauss 

Earth 

Magnetic 

Field 

Magnetic 

Susceptibility 

Basement  Rock 
Irregularities 
Magnetic  Mineral 
Bodies 

Mafic  Intrusives 
and  Volcanics 

Petroleum  and  mining-general  tectonics 
and  local  structural  patterns 

Magnetite  and  pyrrhotite  bodies 

Mafic  intrusives  with:  chromite,  nickel, 
diamonds,  hematite 

Magnetite  sand  with  placer  gold 

Gravity 

Milligal 

Acceleration 
of  Gravity 

Density 

Dense  Orebodies 
Basement  Rock 
Irregularities 

Salt  Domes 

Petroleum  and  Mining-general  tectonics 
basins,  uplifts,  and  salt  domes 

Chromite,  sulfide,  and  salt  bodies 

Spontaneous 
Polarization  a 
(self  potential) 

Millivolt 

Natural 

Potential 

Field 

Conductivity 

Conductive 

Orebodies 

Graphite  Moving 
groundwater 

Petroleum-“electrofiltration”  of  moving 
fluids  next  to  drill  holes 

Mining-sulfide  bodies  and  fluids  in  fault 

zones 

Resistivity  b 

Ohm/ 

Meter 

Apparent 
resistivity 
with  applied 
current 

Resistivity  or 
Conductivity 

Conductive 
Orebodies 
Conductive  and 
resistive  strata 
Fault  zones  with 
conductive  fluid 
Salt  domes 

Petroleum-conductive  fluids  next  to  drill 
holes 

Petroleum  and  mining-geologic  and  tecton 
tectonics  mapping  using  key  beds 
Conductive  orebodies 

Resistive  bodies  of:  salt,  potash  limestone 
limestone,  and  coal 

Induced 
Polarization  b 

1 

Millivolt/ 

Volt 

Potential  after 
momentary 
flow  of  current 

Capacity 

Effect 

Disseminated  met-  Disseminated  orebodies,  including 
metallic  minerals  “porphyry”  copper  deposits 

Graphite 

Serpentine 

Some  clays  and  micas 

^Includes  Airborne  Application 
^Includes  Drill  Hole  Application 


Source:  W.C.  Peters 
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D.  CHANGES  IN  MINERAL  EXPLORATION  SINCE  1947 


1 .  Causes  of  Change 

Even  with  the  rapid  technological  changes  that  have  taken  place  in  the  mineral  industries 
since  the  end  ol  World  War  II,  the  basic  exploration  process  has  remained  essentially  the 
same,  involving  three  principal  phases:  (1)  regional  reconnaissance;  (2)  target  area 
examination;  and  (3)  deposit  evaluation  The  emphases  given  to  each  phase  and  the  various 
approaches  taken  have  undergone  some  variation,  however. 

A  number  of  events  have  shaped  the  direction  that  nonfuel  minerals  exploration  has 
taken  since  1947.  The  first  occurred  well  before  1947,  but  it  has  had  a  continuing  and 
growing  impact  on  the  search  lor  minerals  in  the  United  States.  This  was  the  beginning  of 
large-scale  surface  mining  ol  low-grade  copper  ores  from  a  large  disseminated  deposit  at 
Bingham  Canyon,  Utah,  in  1906.  The  recognition  of  large  disseminated  mineral  deposits  as 

potentially  valuable  orebodies  has  had  an  increasing  impact  on  minerals  exploration  since 

1947. 

Two  other  events  somewhat  related  to  the  beginning  of  the  Bingham  Pit  have  had  a 
further  influence  since  World  War  II.  I  he  first  of  these  was  the  development  of  large  trucks 
and  other  earth-moving  equipment  that  made  disseminated  deposits  not  quite  large  enough 
for  extensive  rail  haulage  systems  workable.  The  rapid  progress  made  in  increasing  the 
efficiency  of  truck  haulage  in  open  pits  has  made  even  relatively  small  disseminated  deposits 
attractive  as  exploration  targets.  The  second  related  event  was  the  successful  mining  by 
underground  caving  methods  of  relatively  deep  disseminated  deposits  in  Colorado  and 
Arizona.  These  successes  turned  attention  to  deeper,  hidden,  disseminated  deposits  as 
exploration  targets. 

Another  event  of  more  recent  occurrence  having  a  significant  impact  on  the  objects  of 
minerals  exploration  is  the  development  of  successful  leaching  methods,  particularly  in 
copper  production.  I  his  has  turned  exploration  efforts  to  oxides  and  silicate  minerals  as 
well  as  the  sulfides  that  had  been  sought  between  the  1870’s  and  1940’s.  Of  similar  effect 
was  the  successful  utilization  of  a  lateiite  nickel  deposit  in  the  Pacific  Northwest  in  the 
mid-1  950’s,  which  brought  recognition  of  such  deposits  as  potentially  valuable  exploration 
targets. 

The  achievement  of  the  Newmont  Mining  Corporation  in  bringing  into  production  its 
disseminated  gold  deposit  at  Carlin, Nevada,  has  had  a  strong  influence  on  the  search  for 
precious  metals.  The  rising  price  of  silver  has  also  been  of  significant  importance  in 
influencing  the  objectives  of  those  engaged  in  minerals  exploration.  Of  somewhat  similar 
effect  as  the  discovery  of  the  Carlin  gold  deposits  was  the  discovery  of  large,  low-grade 
beryllium  deposits  at  Spor  Mountain,  Utah. 

Perhaps  the  greatest  single  event  in  the  search  for  mineral  resources  in  the  United  States 
since  the  end  of  World  War  II,  however,  was  the  Great  Uranium  Rush.  This  activity  in  the 
late  1 940’s  and  1950’s  in  many  respects  paralleled  the  earlier  rushes  for  precious  metals, 
turned  attention  to  large  areas  previously  considered  worthless,  used  new  exploration 
methods  and  techniques,  and  emphasized  some  of  the  basic  principles  of  minerals  seeking 
that  have  been  remarkably  persistent  despite  changing  economic  and  technological 
conditions. 

Of  a  much  broader  influence  in  minerals  exploration,  but  not  nearly  as  spectacular  as 
the  uranium  boom,  has  been  the  general  shift  in  population  and  economic  activity  to  the 
Western  States  that  has  taken  place  since  the  end  ol  World  War  11.  This  movement  has 
created  many  new  exploration  targets  in  previously  unattractive  areas  and  for  previously 
unsought  industrial  minerals.  Of  course,  the  event  that  has  had  perhaps  the  most  widespread 
impact  on  minerals  exploration  in  the  United  States  since  1947  has  been  the  extensive 
development  of  more  sophisticated  and  complex  equipment  and  methods  for  exploration 
itself.  The  progress  made  in  geophysical  techniques  alone  has  been  substantial. 
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2.  New  Geophysical  Methods 


Unlike  the  period  prior  to  1947,  direct  geological  exploration  for  minerals  is  now 
usually  supplemented  by  a  study  of  selected  regions  or  prospects  by  geophysical  and 
geochemical  methods.  As  the  search  for  mineral  wealth  has  turned  more  and  more  to  regions 
of  limited  or  poor  rock  exposures,  geophysical  and  geochemical  methods  of  prospecting 
have  assumed  an  increasingly  important  role.  The  success  of  their  application  is  not 
necessarily  contingent  upon  exposures  of  the  commodity  sought.  Unlike  geological 
exploration  which  makes  an  assessment  of  mineral  potential  on  the  basis  of  geography,  rock 
type  rock  geometry,  and  mineralogy,  the  geophysical  and  geochemical  methods  now  in  use 
employ  physical  and  chemical  measurements  of  certain  properties  of  the  rock  and  soil  which 
may  be  present  over  or  near  a  mineral  deposit. 

As  a  general  rule,  areas  prospected  are  now,  and  have  been  traditionally,  selected  on  the 
basis  of  some  favorable  geologic  characteristic.  In  those  cases  where  geophysical  or 
geochemical  measurements  are  made,  they  are  commonly,  but  not  invariably,  taken  in  these 
areas  of  geologic  favorability  and  are  used  to  help  further  refine  and  supplement  geologic 
m  ormation.  In  some  instances,  geophysical  or  geochemical  measurements  may  be  made  in 
regions  where  the  geology  is  not  clearly  known,  and  in  these  instances  the  results  of 
geophysical  or  geochemical  measurements  are  supplemented  by  geological  studies  in  order 
to  properly  assess  the  value  of  the  measurement. 

The  purpose  in  carrying  out  chemical  and  physical  studies  is  to  determine  the  existence 
and  location  of  anomalies.  An  anomaly  in  this  context  is  best  described  as  a  physical  or 
chemical  property  of  the  crust  or  its  surface  that  represents  a  deviation  from  or  contrast 
wrth  a  regional  or  area  average  (or  a  uniform  gradient)  of  that  property.  A  mineral  deposit 
is,  by  definition,  an  anomaly. 


1  he  assessment  of  the  usefulness  and  effectiveness  of  geophysical  or  geochemical 
methods  has  been  a  difficult  task.  A  characteristic  of  human  nature  is  a  willingness  to  point 
with  some  pride  to  the  success  of  a  program  but  an  unwillingness  to  discuss  failure.  The 
literature  abounds  with  case  histories  of  successes,  but  the  failures  so  described  are  few.  A 
failure  of  an  exploration  technique  could  be  considered  as  either  the  discovery  of  a  mineral 
deposit  that  did  not  respond  to  the  measuring  technique  or  the  detection  of  an  anomaly 
which  upon  further  exploration  or  development  yielded  no  orebody  or  economic  amounts 
of  a  minera!  commodity.  The  success  of  a  technique  could  be  considered  as  a  discovery  in 
which  the  mineral  deposit  was  measurable  by  the  method  used.  The  success  or  failure  of  a 
particular  method  does  not  necessarily  reflect  the  quality  of  the  measurement  made 
nowever,  but  rather  the  interpretation  made  of  that  measurement  by  man.  As  interpretive 
techniques  are  refined,  the  success  ratios  of  these  newer  methods  have  improved.  The  same 

criteria  of  success  and  failure  apply,  of  course,  to  exploration  techniques  considered  to  be 
strictly  geological. 


Geophysical  methods  that  have  been  developed  and  improved  since  1947  vary  from 
simple  and  inexpensively  applied  techniques  to  methods  involving  a  great  amount  of 
complex  equipment,  costly  application,  and  sophisticated  interpretation  of  the  results.  Ah 
methods  measure  a  physical  property  or  a  contrast  in  the  physical  properties  of  a  rock 
I  here  are  numerous  ways  in  which  geophysical  methods  may  be  classif  ied  and  discussed  but 
the  most  straightforward  is  to  consider  two  general  types  of  measurement.  The  first  is  the 
direct  measurement  of  a  rock  property,  such  as  its  relative  density,  its  capacity  to  enhance 
restrict, or  otherwise  modify  the  earth’s  magnetic  field,  its  capacity  to  transmit  or  store  heat’ 
1,  polamy’  or  lts  b«havior  in  response  to  natural  electromagnetic  fields.  The  second  involves 
the  measurement  of  the  response  of  a  rock  to  some  sort  of  applied  energy  such  as  shock  or 
an  electrical  current. 


Measurements  of  both  types  are  made  in  the  search  for  mineral  deposits.  Certain  mineral 
bodies  respond  more  positively  to  one  type  of  measurement  than  another,  and  the  search 
for  certain  types  of  mineral  deposits  therefore  commonly  involves  the  use  of  more  than  one 
geophysical  method.  With  the  exception  of  iron  ore  and  radioactive  minerals,  both  of  which 
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l‘yp«P“rrafceoCmmnHTUrab'e  f  magnetiC  ^  radiometric  methods  respectively,  most 
geo7hyslZe^e“  *  S°Ught  reqUire  ^  in*^-tation  of  more  than  one  type  of 

magneTomlterlsstiilwirlpn  "h  I’“t°riCIaIly  the  oldest  of  the  methods,  and  the  use  of  the 
development  of  soDhktfr!^?^  *S  usefu,ness  has  been  greatlY  extended  through  the 

navigation  systems  and  th  sensln®  mstruments,  through  the  use  of  aircraft  and  precision 

mXtoltert  orLm  , ,  1°?  ,  USE  °f  comPuters  in  »he  Action  of  data.  The 

localized  de,ailedPsurveyin"of  smnanSarerof cr:.C0"naiSSanCe  t0°'  *°  a  to°'  - 

plutons  whjcfmav'hf  f era's  magnetic  data  are  used  to  locate  subsurface  structures,  buried 

HtaSum  As”  SX.orTof"  ™  °'  n,eJa'S’  and  for  iron  and  certain  types  of  deposits  of 
indicator*?  ,r°n  °re  deP°slts’  rnagnetic  methods  are  virtually  direct 

upon' ^  .he'eTrth’smineb -T mTI  by  ‘he  inlluence  of  concentrations  of  iron  minerals 
coZ action  with  S  '  T.m  ",e,search  for  °"'er  metals  they  are  used  chiefly  in 
interpretations  The  m  geoplyslcal  methods  and  as  a  tool  aiding  in  subsurface  geological 
ruZ  carh  d  ou  bm  bK  T"C  surveys  are  variable,  depending  upon  the  type  of 
aeromaenetir  s„n,e,  bu,.a',bough  pro|ect  costs  may  be  high,  the  speed  of  carrying  out  an 
of  the  a:Z:LZTrtenr  area  COVera8C  ,hat  Can  be  °btamed  have  made  it  one 

common  7  c^TouTT^  e'7'°yed|'nit'a"y  in  the  search  for  petroleum,  but  are  now 
instruments  used  d  ,  pr°v,de  suPPlementary  data  in  the  search  for  metals.  The 
operTd  The.r  ie^  y  tmet  S,,°r  gravime,ers-  are  telatively  inexpensive  and  easily 
earth’s  gravitatioSd  attmet' •  Vh  °WS  d?tem,inati°"  of  extremely  small  variations  in  the 
densities  of  adfofnina  m  L  h  56  Va1nat'°ns  are  interPre>ed  in  terms  of  the  contrasting 
chTacterist  cs  of  h  "riJ  1  ^  V?  may  be  used  (0  '°“‘a  and  analyze  the 

also  useful  in  ,„u„  Plutons  bodies  ol  iron  ore,  or  massive  sulfides.  Gravity  data  are 

structures.  ‘  '  "'B  subsurlace  geological  interpretation  of  important  localizing 

thnnGHaV"y  measurements  arc  usually  made  on  the  ground  but  require  more  ground  control 
than  do  magnetic  ground  instruments.  In  the  search  for  metals,  the  g”avmfcler  ,s  seldom 

been  used'TsTnTnl  '°f  ‘°  tthedegree  ,hat  a  magnetometer  may  be.  The  method  has 
workings.21  exploration  tool  in  searching  for  metallic  ores  from  underground 

„  -,7he  US,6  °!  na,ural. audio-frequency  magnetic  fields  in  the  search  for  metallic  deposits  is 

the  distortion TimurTl  '?  geoPhysical [  exploration.  The  technique  involves  measuring 
Knf  t  natufdl  electromagnetic  lields  by  electrical  conductors.  The  method  is 

sulfide  deposits  The”  Tl  continuous  electrical  conductors  such  as  veins  or  massive 
ai  lide  deposits.  I  he  method  is  inexpensively  applied,  requiring  only  a  receiving  and 

of  i"s  potent, 'll  other  'if  T  "’,"Se  bUt  a  sborl  time' i(  is  difticid‘ (o  make  any  assessment 
potential  other  than  to  reiterate  one  authority’s  statement  that  “Clearlv  more  nPM 

experimental,  and  theoretical  study  is  needed.”22  Y  fltld’ 

A  metallic  sultide  deposit  situated  near  the  surface  of  the  earth  undergoes  chemical 
changes  as  the  result  ot  the  action  of  water  and  oxygen.  These  changes  set  up  weak  electrical 
currents  which  may  be.directly  measured.  The  self-potential  method,  in  comparatively  crude 

recent  "years  itZ  °h  "!  and  outlininS  sulfide  bodies  near  the  surface.  In 

^  1  1  lds  been  made  a  niore  elaborate  and  is  not  used  routinely  in  conjunction 
with  more  advanced  electrical  prospecting  techniques.  There  are  few  knownfliscovefles  that 
have  been  made  by  the  self-potential  method  alone,  but  i,  is  a  method  that  has*  beef  used 
rather  widely  in  connection  with  other  types  of  geophysical  measurements  23 

which "L  T  ge°pl,ysical  methods  described  are  those  in  common  use  today  and  those  in 
which  research  is  being  carried  out  with  a  view  to  further  refining  their  usefulness  The 

,  2n-°-ter  and  the  gravimeter  are  now  utilized  in  both  ore  search  and  mapping  and  the 
other  methods  are  used  chiefly  in  ore  search.  These  methods  can  now  be  applied  at  low  cost 
and  have  provided  usetul  information  in  the  search  for  and  the  mapping  of  mineral  deposits. 


271 


With  continued  refinements  of  instrumentation  and  with  the  application  of  computers  to 
the  solution  and  interpretation  of  the  data,  these  methods  will  continue  to  be  used  in  the 
search  for  valuable  mineral  deposits. 

In  response  measurements  methods,  two  types  of  energy  are  applied  to  the  crust  in 
order  to  measure  different  types  of  rock  response.  One  of  these  is  shock,  applied  either  by 
explosives  or  the  dropping  of  heavy  objects  (thumpers)  on  the  surface.  The  shock  moves 
through  the  crust  in  ways  which  are  governed  by  the  nature  of  the  rocks  traversed.  The 
characteristics  of  the  shock  waves  which  reach  a  receiving  station  are  recorded  and  studied. 

The  other  type  of  energy  is  electrical  energy  which  is  applied  either  as  an 
electromagnetic  field  or  as  direct  or  alternating  electric  current.  The  resultant  response  of 
the  subsurface  to  the  applied  electrical  energy  may  then  be  interpreted  indirectly  or  directly 
in  terms  of  a  potential  mineral  deposit.  The  method  depends  upon  a  contrast  within  the 
subsurface  of  rock  conductivities  or  capacities  to  act  as  a  condenser  in  storing  and 
discharging  electrical  current. 

Alternating  current  flowing  through  a  wire  or  group  of  wires  sets  up  its  own 
electromagnetic  field.  If  a  conductor  is  brought  into  this  electromagnetic  field,  the 
conductor  establishes  its  own  electromagnetic  field  by  a  process  known  as  induction!  The 
nature  of  this  induced  electromagnetic  field  is  a  function  of  the  geometry  and  resistivity  of 
the  conductor. 

This  electrical  principle  is  utilized  in  geophysical  exploration  by  setting  up  fixed  or 
movable  electromagnetic  field  sources  and  measuring  the  response  of  the  subsurface  material 
to  the  field  by  means  of  a  moving  receiver.  There  are  actually  a  great  many  ways  in  which 
the  same  principle  is  used  that  include  a  straight  wire  in  a  fixed  position,  movable  multi-wire 
loops,  and  numerous  types  of  source-receiver  geometry.  The  method  has  also  been  adapted 
with  considerable  success  to  aircraft  which  carry  both  sources  and  receiver  and  are  able  to 
produce  data  that  are  interpretable  in  terms  of  maps  of  conductivity  contrasts  of  the  near 
subsurface. 

Since  climate  produces  soils  of  varying  conductivity  contrasts,  the  effectiveness  of 
electromagnetic  methods  has  been  more  restricted  geographically  than  most  other 
geophysical  methods,  and  it  is  not  of  as  widespread  use  in  the  desert  regions  of  North 
America  as  in  the  more  temperate  and  arctic  regions.  Electromagnetic  methods  are  most 
usefully  employed  in  the  search  for  orebodies  composed  of  continuous  conductors  such  as 
sulfide  veins.  They  have  not,  historically,  been  of  much  use  in  the  search  for  dispersed 
conductors  such  as  disseminated  copper  in  igneous  intrusions.  There  are,  however,  recent 
developments  in  the  methods  which  suggest  that  dispersed  conductors  will  respond  to 

appropriately  applied  electromagnetic  fields  and  that  the  responses  are  measurable  and 
interpretable. 

Since  all  that  is  needed  for  response  to  the  electromagnetic  induction  is  a  continuous 
conductor,  the  responses  seen  in  electromagnetic  geophysical  methods  may  not  always  be 
that  of  metallic-suifide  deposits.  The  method  detects,  with  not  too  much  discrimination, 
veins  of  graphite  and  water-filled  veins.  In  both  airborne  and  surface-applied  techniques,  it 
seems  likely  that  the  shallowly  buried  veinlike  deposits  of  both  Canada  and  the 
Northeastern  and  Northwestern  United  States  will  continue  to  be  discovered  by  this 
method.  The  cost  ot  application  is  about  as  variable  as  magnetometer  studies.  Simple, 
inexpensive,  but  effective  portable  field  units  are  cheaply  run  in  surface  studies,  and  the  use 
of  an  aircraft  provides  information  useful  in  mapping.  As  with  the  magnetometer,  total  job 
costs  are  high  with  airborne  work,  but  the  per-line-mile  or  per-area  costs  are  relatively  low. 

By  applying  either  a  direct  or  alternating  current  to  the  ground,  applied  potential 
measurements  may  be  taken  that  are  either  directly  or  indirectly  useful  in  the  mapping  of 
the  subsurface  and  in  the  search  for  hidden  metal  deposits.  As  with  all  of  the  methods 
described,  the  applicability  of  any  applied  potential  method  is  dependent  upon  the 
existence  of  a  contrast,  in  this  case,  a  contrast  in  the  electrical  properties  of  the  subsurface 
materials.  Although  there  are  many  variations  of  current  applications  and  measurement 
techniques, .  one  type  of  measurement  is  now  made  on  a  widespread  scale  using  the 
technique  of  induced  polarization. 
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induced  polarization  takes  advantage  of  a  characteristic  of  minerals  in  which  they 
behave  like  condensors.  If  a  large  potential  is  applied  to  the  ground  and  if  there  is  a 
dispersed  or  continuous  conductor  present,  the  metallic  grains  behave  as  though  they  are 
smah  condensers,  and  build  up  a  charge  on  the  surface.  If  the  current  is  chopped  (stopped), 
e  condensers  decay  and  the  resulting  voltages  together  with  :heir  variations  with  time 
are  measurable  This  method  is  especially  useful  in  the  search  for  any  type  of  dispersed 
me!f1,c  mineralization.  There  are  many  variations  of  this  method  now  in  use  and  the 
method  has  been  used  successfully  in  the  search  for  dispersed  metals.24  Cost  of  the 
application  of  this  metnod  is  somewhat  higher  than  many  other  techniques  and,  depending 

upon  electrode  configuration,  may  range  in  cost  from  $150  to  $600  per  line  mile  of 
traverse. 


Another  useful  application  of  the  applied  potential  method  is  the  study  of  subsurface 
resistivities.  By  applying  a  potential  to  the  ground  and  studying  potential  drop,  resistance  of 
the  ground  can  be  measured.  By  varying  the  electrode  spacing,  layering  of  the  subsurface,  if 
accompanied  by  resistivity  changes,  can  be  determined  with  proper  interpretation.  The 
m/th°d  ,s  t,lcrefore  useful  in  mapping.  If  a  continuous  conductor  (say  a  metallic  orebody) 
of  sufficient  size  is  within  range  of  the  power  used,  it  can  be  detected.  Portable  equipment  is 
available  to  carry  out  resistivity  studies,  and  the  method  is  relatively  cheaply  applied.26 

Long  used  as  a  major  tool  in  the  subsurface  mapping  of  and  search  for  petroleum 
reserves,  seismic  methods  also  have  begun  to  play  a  role  in  the  search  for  metallic  mineral 
deposits.  Their  chief  application  is  in  the  determination  of  overburden  thicknesses  above 
mineral  deposits,  and  in  this  application  seismic  techniques  have  been  used  in  the 
North-Central  and  Southwestern  United  States.2?  The  relatively  shallow  seismic  work  carried 
ou  in  mining  exploration  is  comparatively  easy  and  inexpensive.  As  used  in  petroleum 
seismic  work,  the  shock  source  usually  consists  of  explosives,  detonated  in  a  hole  drilled  for 
that  purpose.  The  measurement  of  the  shock  velocity  in  rock  is  made  by  means  of  detectors 
set  out  over  miles  ol  line.  More  recently,  shock  sources  which  are  nothing  more  than  heavy 
weights  dropped  on  the  ground  have  come  into  use.  In  nonfuel  minerals  exploration,  the 
depths  studied  are  shallow  by  comparison  with  petroleum  work,  and  the  sources  of  shock 
needed  are  thus  of  lower  energy.  For  some  methods,  the  shock  source  is  provided  by 
striking  the  surface  with  a  sledge  hammer.  As  with  the  other  geophysical  methods,  the 
degree  of  sophistication  largely  determines  the  cost.  The  seismic  studies  carried  out  in  the 
search  for  metals  are  generally  at  the  low  end  of  the  cost  scale. 

Applied  energy  geophysical  methods  tend  on  the  whole  to  be  a  bit  more  complex  than 
direct  methods  because  of  the  requirement  of  an  energy  source.  Nevertheless,  they  have 
been  devised  to  determine  some  value  or  discrete  set  of  values  of  rock  properties  and  can  be 
modified  to  test  a  spectrum  of  properties  that  vary  with  the  nature  of  the  applied  energy.  As 

a  consequence,  they  tend  to  cost  more  in  their  surveying,  and  are  not  considered  mapping 
tools. 


3.  Geochemical  Exploration  Methods 


Unlike  most  geophysical  methods,  which  measure  a  physical  property  or  response  of  a 
rock  to  excitation,  geochemical  methods  make  a  direct  measurement  of  the  composition  of 
a  natural  material  in  order  to  determine  the  nature  and  amount  of  an  element  or  elements 
Present.  Geochemical  prospecting  is  a  technique  that  attempts  to  locate  anomalous 
conditions  ot  chemical  composition.  The  approach  to  geochemical  studies  can  be  considered 
two-fold.  There  are  methods  useful  in  reconnaissance  and  methods  useful  in  detailed  target 
area  examination  and  in  supplementing  geological  or  geophysical  information. 

The  existence  of  geographic  regions  in  which  certain  metals  are  relatively  more  abundant 
than  in  others  is  a  matter  of  fact.  These  regions,  such  as  the  copper  province  of  the 
Southwest  or  the  lead-zinc  province  of  the  Mississippi  Valley,  are  characterized  by  trace 
element  contents  of  these  respective  metals  as  well  as  certain  associated  metals  that  are 
higher  than  corresponding  contents  of  these  metals  in  rocks  or  soils  outside  of  the  province. 
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mf  !'0dS  a'C  USetul  in  loca,in8  and  doming  °‘her  provinces  unknown  to 
'  a  ','  ,Wlthl"  a  metal  Province,  such  as  the  Mississippi  Valley,  reconnaissance  methods  are 
useful  in  outlining  smaller  exploration  target  areas. 

\  maj°r  influence  uP°n  the  way  in  which  metals  are  deposited,  and 
therefore,  dh  ferent  reconnaissance  methods  are  used  in  different  regions.  In  temperate  and 

•  pine  regions  where  stream  How  is  nearly  continuous,  studies  of  metal  content  of  water  or 

fr'dTatertr,',iSf  Mr,e  CTh',n0nly  carried  out' In  arctic  ^ons,  the  study  of  stream  sediments 
and  waters  is  useful  in  those  seasons  when  possible,  and  the  study  of  material  in  the  debris 

pushed  by  glaciers  has  also  been  fruitful.2*  Reconnaissance  prospecting  in  dry  areas 

(exclusive  of  the  Arctic)  relies  upon  other  characteristics  of  geochemical  behavior  The 

evaluation  of  the  trace  element  content  of  vegetation  is  a  commonly  used  method  as  is  the 

but  wit°h  unevaluated  succet^  °f  *  intermittent  streams  ha*  been  carried  out. 

In  virtually  all  climates,  soils  are  analyzed  in  geochemical  reconnaissance,  but  each 
geological  environment  presents  its  own  special  problems  in  the  use  and  interpretation  of 

H^ehfmiCat  data  so  denved-  Soils  can  be  considered  of  two  extreme  types  in  their 
development  residual  or  transported.  Residual  soils  dominate  in  regions  of  comparative 

f  °  0gI°  q.ulescenc®fuch  as  tlle  Mississippi  Valley,  and  transported  soils  are  the  dominant 
^  m.0re  ad*‘ve  weathering  environments  such  as  the  desert  Southwest.  In  residual 

si  lls,  metals  derived  Irom  underlying  rocks  tend  to  be  comparatively  immobile  and  reflect 

'?  wh'c,‘  80115  are  drained-  Transported  sods,  on  the  other  hand,  do  not 
ature  in  place  and  as  a  consequence,  metals  which  may  be  derived  from  the  underlying 
rocks  do  not  concentrate  as  readily  as  in  the  residual  soils.  Exceptions  to  either  case 

studyTn’thefr  IS 'n!»  reC°nnai8Sance  methods  utlllzl"g  *°d*  require  considerable 

Seldom  applied  usefully  as  the  principal  method  of  ore  search,  geochemical  prospecting 

geo^ogv'a^id ^eeonh ^°yed Th  COnjunction  with  other  Prospecting  techniques  that  fnclude 
fno  vf  and  «eoPhysics.  1  here  are  reports  of  a  few  attempts  to  use  the  method  as  a  primary 

l  m  |Ulfthe  fUCCeSS  a“a'ned  has  been  questionable.  There  is  consfderabte 

variation  in  the  detail  of  application  of  the  method,  but  generally  speaking,  an  analysis  is 

made  of  .ock  soil  vegetation,  minerals,  stream  or' lake  water  or  other  natural  material  to 
determine  the  level  of  concentration  of  trace  amounts  of  metals  present  in  parts  per  million 
or  even  per  billion.  The  analyses  are  made  accurately,  swiftly,  and  cheaply  in  most  instances 

v  .chtample^te"  ^  Pr°CeSS  °f  tMS  *ype  °f  exPloration  is  s™P*y  ‘hat  of  travel  to  and  from 

stvleAlnd°Utvn^rftain  geoclll:m,cal  observations  have  been  made  by  man  for  centuries,  the 

vfi:,Md,fP  f  Pr0S,Pe°  ng  now  ln  use  in  the  United  States  dates  from  about  1946  and 
virtual  y  all  significant  advances  in  the  method  have  been  made  since  World  War  II  The 

advance  in  geochemical  research  has  been  in  several  aspects  of  the  method 

interpretation  C^n  ?, 111  speed’  *imPlicity>  accuracy  of  analysis,  and  in  methods  of 
interpretation,  n  the  early  years  of  the  use  of  geochemical  prospecting  in  this  country 

virtually  all  analyses  were  made  of  material  returned  to  a  laboratory.  In  order  to  speed  the 

work  several  research  organizations,  both  public  and  private,  have  developed  field  kits  that 

rock  or  soTeo  t  nmple  S“e’  allowing  the  determinations  of  trace  element  content  of 
examnle  .  slte-  Becauf  certain  natural  materials  such  as  stream  and  well  water,  for 
mefa|P  ’  L  i,n,t?'n  Sl!ch  low  evels  01  metal  concentration,  extremely  sensitive  tests  for  the 
depolitsS°U8h  'aVe  been  developed  ln  order  t0  use  these  materials  in  the  search  for  hidden 

Sophisticated  geochemical  interpretive  techniques  have  evolved  through  the  use  of 

htiTroretation^r8!  ^  T'm®  and  devel°P  statistkal  maps  of  the  data.  Nevertheless,  the 
nterpretation  ol  data  probably  stands  now  as  one  of  the  most  serious  problems  in  the 

anaPWzed0nTh°e  IrZuTT  *  ^  "  °f  meta,s  are  pre5en‘ 111  a"^ soil  and  may  be 
and  innlJh  P,b  ’  ,however'  is  to  determine  what  value  of  a  given  metal  is  significant 
and  indicative  ot  anomalous  conditions.  Thus  the  problem  is  to  resolve  the  “signal”  out  of 
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the  background  noise  or  static”  and  to  determine  how  much  metal  is  significant,  i.e., 
how  “loud”  the  signal  is. 

It  a  region  is  selected  as  being  favorable  to  mineralization  by  an  exploration  technique 
involving  either  geology,  geophysics  ogeology,  geophysics  or  geochemistry,  geochemical 
prospecting  techniques  are  commonly  applied  to  detail  the  nature  of  metal  dispersion  within 
it.  Such  methods,  in  contrast  to  regional  reconnaissance  techniques  which  evaluate  widely 
spaced  samples,  involve  the  study  of  closely  spaced  samples  of  soils  rock,  minerals,  or 
vegetation.  Once  a  target  is  located  by  some  means,  it  can  sometimes  be  narrowed  by  these 
methods,  and  often  by  repetitious  but  finer  applications  of  the  same  method. 

The  study  of  complete  soil  profiles  gives  useful  information,  as  does  the  study  of  metal 
content  in  certain  vegetation  types.32  Detailed  study  of  alteration  minerals,  an  aspect  of 
geochemical  prospecting  in  which  actual  minerals  are  studied  and  mapped,  has  assisted  in 
outlining  mineral  deposits.  In  addition  to  the  minerals  themselves,  studies  of  their  trace 
element  chemistry  are  commonly  useful,  as  is  the  study  of  the  trace  element  contents  of  the 
oxidation  products  left  in  the  destruction  of  metal  deposits. 

As  a  reflection  ol  the  developments  that  have  taken  place  in  both  geophysical  and 
geochemical  exploration  methods  since  1 947,  an  increasing  number  of  mineral  deposits  have 
been  found  by  such  means.  In  Canada  one-third  of  the  significant  non-ferrous  metallic 
mineral  deposits  discovered  since  1950  were  lound  by  geophysical  methods.  Only  one  of  75 
new  deposits  was  found  through  geochemistry,  however.33 

4.  Commodity  Variations 

The  modern  techniques  of  minerals  exploration  that  have  been  developed  since  1947 
are,  of  course,  not  uniformly  applicable  in  the  search  tor  all  minerals.  It  is  a  geologic  truth 
that  different  types  of  mineral  deposits  characteristically  occur  in  different  environments  of 
rock  association  and  structure.  Metallic  mineral  deposits,  for  example,  are  most  commonly 
found  in  areas  which  have  been  intruded  by  igneous  rocks.  Such  deposits  may  occur  within 
the  igneous  rocks  themselves  or  in  other  rock  types  in  close  proximity  to  the  igneous 
intrusion.  Some  metallic  mineral  deposits  (e.g.,  iron  oxides)  are  often  located  far  from  any 
known  igneous  rocks,  and  theories  of  their  origin  have  been  the  subject  of  considerable 
debate.  Potash  and  borate  deposits,  on  the  other  hand,  are  normally  found  in  areas  where 
sea  or  fresh  water  has  been  trapped  in  lagoons  or  lakes  and  subsequently  evaporated. 

Many  elements  and  minerals  occur  in  more  than  one  environment  of  rock  association 
and  structure.  Some  mineral  deposits  (e.g.,  magnesite)  may  have  originated  from  either 
sedimentary  processes  or  intrusive  igneous  and/or  hot  spring  activity.  The  accompanying 
table  shows  the  applicable  geophysical  and  geochemical  techniques  typically  used  in 
exploration  for  various  minerals.  Antimony,  arsenic,  and  bismuth  are  commonly  associated 
with  other  metallic  mineral  deposits  and  are  not  generally  sought  separately.  Vanadium 
occurs  in  many  uranium  deposits,  so  that  techniques  used  in  uranium  exploration  in  effect 
apply  to  vanadium  also.  Certain  metals,  however,  are  sought  primarily  as  indicators  of  the 
presence  of  other  minerals.  Arsenic,  for  example,  may  be  sought  as  an  indicator  for  tungsten 
but  not  for  itself. 

Geophysical  techniques  are  used  in  exploration  for  most  metallic  mineral  deposits  and 
tor  sulfur  and  evaporite  deposits.  Geochemical  techniques  are  used  primarily  for  non-ferrous 
base  and  precious  metal  deposits,  as  well  as  those  of  molybdenum  and  nickel.  The  detection 
of  natural  or  induced  radioactivity  is  used  in  the  search  for  uranium,  thorium,  and  beryllium. 
Instruments  which  measure  variations  in  radioactivity  are  also  used  to  detect  evaporite  and 
sulfur  deposits,  which  are  characteristically  lower  in  radioactivity  than  their  surrounding 
rocks.  Salt  domes,  with  or  without  associated  sulfur  deposits,  are  generally  less  dense  than 
the  surrounding  rocks  and  can  therefore  be  detected  by  relative  gravity  measurements. 

Exploration  for  metallic  mineral  deposits  (except  large  iron  and  manganese  sedimentary 
deposits)  generally  involves  more  detailed  procedures  of  study,  a  greater  physical  collection 
of  data  (mapping,  geochemical  sampling,  geophysical  surveys,  drilling),  and  more  intensive 
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Table  3 


MINERAL  DEPOSITS  FOR  WHICH  GEOCHEMICAL  AND 
GEOPHYSICAL  METHODS  OF  EXPLORATION  ARE  USED 

A.  METALLIC  MINERALS 

1 .  Exploration  by  both  geophysical  (magnetics,  gravity,  electrical)  and  geochemical 
methods  (sulfide  minerals  and  native  metals  associated  with  sulfides) 

Gold,  Silver 
Copper,  Lead,  Zinc 
Nickel,  Molybdenum 
Cobalt 

2.  Primary  geochemical  exploration 

Gold,  Silver 
Mercury 

3.  Exploration  primarily  by  geophysical  (magnetics,  gravity)  methods  (oxide  minerals) 
Iron 

Chromium 

Titanium 

4.  Fluorescence  by  ultraviolet  light 

Tungsten 
Zinc  (rarely) 

5.  Nuclear  detection  devices  using  natural  or  induced  radioactivity 

Uranium,  Thorium 
Beryllium 

B.  NONMETALLIC  MINERALS 

1 .  Electrical  and  radioactive  well  logging 
Saline  and  evaporite  deposits 

2.  Radioactive,  magnetic,  electrical,  and  gravity  geophysical  methods 
Sulfur 

Source:  E.  Wisser  and  Associates 
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evaluation  than  is  necessary  for  other  types  of  deposits.  Typical  of  the  exploration  for 
me  a  ic ’  su  i  es  is  the  iecent  program  followed  by  one  major  mining  company  engaged  in 
exploration  for  copper  and  molybdenum  in  Arizona.  This  firm  began  with  air 
reconnaissance,  looking  for  areas  of  bleached  rock  or  the  red  rock  capping  high  in  iron 
oxides  that  is  commonly  associated  with  deposits  of  these  metals.  Once  located,  these  color 
anomalies  were  checked  by  geochemical  traverses  using  broadly  spaced  (500-1,000  feet) 
samp  e  co  ection  points.  In  conjunction  with  this,  geochemical  samples  were  collected  from 
stream  sands  of  major  tributaries  draining  mountainous  regions  at  intervals  of  a  mile  or 


more. 


The  combination  of  color  anomaly  and  anomalous  geochemical  samples  prompted  a 
decision  to  explore  one  particular  area  in  greater  detail,  although  it  was  in  relatively 
maccessi  e  terrain.  Based  on  the  aerial  and  chemical  data,  claims  were  first  staked  over  the 
ground  in  question,  and  in  the  process  the  pre-existing  claims  of  a  small  prospector-miner 
were  round  to  cover  part  of  the  area  of  greatest  interest.  A  lease  with  option  agreement  was 
ma  e  wit  \  t  le  owner  lor  his  claims.  A  local  rancher,  who  had  grazing  rights  to  the  surface  in 
the  area,  was  reassured  of  the  company’s  intention  to  cooperate  with  him  to  the  fullest 
extent  so  as  to  avoid  any  damage  or  disruption  of  his  ranching  operations.  Friendly  relations 
were  established  and  maintained  during  the  entire  project. 

Detailed  geologic  mapping  (at  a  scale  of  1 00  feet  to  the  inch)  and  geochemical  sampling 
(at  intervals  ol  100  feet)  of  more  than  three  square  miles  were  done,  using  a  measuring  tape 
and  Brunton  compass  as  surveying  instruments.  Features  recorded  in  the  mapping  program 
included  the  extent,  intensity,  and  type  of  rock  alteration.  (In  areas  of  known  copper  and 
molybdenum  deposits,  the  enclosing  rocks  are  generally  partly  or  completely  altered  to  clay, 
nnca,  and  quartz.)  Also  recorded  wefe  the  distribution  and  abundance  of  iron  oxides  and 
iron  sulfides,  and  any  copper  and  molybdenum  minerals,  as  well  as  the  orientation  and 
intensity  of  fractures  and  faults,  and  the  distribution  of  specific  rock  types.  Underground 
7/kings  on  the  small  miner  s  claims  were  mapped  and  sampled.  Rock  specimens  were  sent 
o  or  x-ray  and  microscopic  analysis,  and  the  determination  of  minerals  present.  In  the 
meantime,  the  claims  which  had  been  staked  were  properly  monumented  and  surveyed  as 
were  those  belonging  to  the  small  miner.  Courthouse  records  were  checked  for  any 

additional  claims  or  private  land  in  the  area,  and  verification  was  made  of  the  title  of  known 
land  holdings. 

The  data  collected  were  then  plotted  on  maps  and  analyzed.  Aerial  photographs  were 
used  to  construct  the  map  base  upon  which  the  geologic  and  geochemical  data  were  plotted, 
as  there  were  no  existing  topographic  maps  of  the  area.  The  principal  target  area  was  evident 
from  the  data  plotted  and  was  outlined  lor  testing  by  drilling.  Roads  were  constructed  and 
drill  sites  prepared.  Fen  holes  were  diamond  drilled,  but  the  core  showed  inconclusive  or 
negative  results,  and  the  project  was  subsequently  abandoned. 

More  than  six  months  were  required  from  the  time  the  decision  to  explore  the  target 
area  in  detail  was  made  to  the  time  that  the  first  drill  hole  was  put  down  in  the  specific 
target.  The  total  time  spent  in  the  reconnaissance  and  detailed  exploration  of  this  one  area, 
including  drilling,  exceeded  two  years.  At  various  stages  of  the  project  from  three  to  ten 
men  were  at  work  on  it,  exclusive  of  those  involved  in  the  drilling,  which  was  performed  by 
a  drilling  subcontractor.  Had  the  extent  and  grade  of  mineralization  proved  large  enough 
after  this  initial  exploration  to  warrant  further  drilling,  at  least  one  and  possibly  two  more 
years  and  the  drilling  of  from  20  to  50  holes  would  have  been  required  to  demonstrate  the 
existence  of  a  mineral  deposit.  The  gathering  of  sufficient  data  to  demonstrate  the  existence 
of  an  economically  useable  mineral  deposit,  the  third  phase  of  drilling,  would  have  required 
even  more  time  and  drill  holes.  Upon  abandonment  of  the  project,  the  geologic  and  assay 
data  collected  by  the  company  on  the  small  miner’s  holdings  were  turned  over  to  him. 

By  way  of  contrast  to  the  type  of  effort  that  has  come  to  be  involved  in  the  search  for 
metallic  minerals  is  the  example  of  a  major  chemical  company  that  decided  to  become  a 
producer  of  natural  sodium  carbonate  (trona).  Following  an  office  study  of  published 
geologic  information  and  open  file  reports  from  various  government  agencies,  a  target  area 
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in  Wyoming  was  selected  and  several  public  land  survey  sections  were  leased  from  the 

fheTrTT'  Hprorf°7  of  knOWn  individual  formations  aTid  mferrencesTbou 

Wr,l  ‘  ?SS(m  Cuat?d  a  ‘lkely  area  for  the  locatio"  of  trona  beds  of  suitable  thickness 
i  ?  7  1°'“  ^  drUled  at  widely-spaced  intervals  and  confirmed  the  presence 

P^cted  beT^ei  d^  bo,rd  ”7*  f  7™'  The  '"i^ral-bearing  rock  Cation  wS 
P  jetted  between  drill  holes,  correlated  with  assay  data,  and  ore  reserves  were  calculated 

'  Manynon-metall'c  mineral  deposits  in  sedimentary  rocks  art.  relabvelyiaLmoreor 

,  ying’  .and  form  targets  which  are  easy  to  explore  with  the  use  of  a  minimum  nf 

‘  ‘llg’  mappmg,  and  other  exploration  methods.  Access  is  not  usually  difficult  as  the 

2SS  ”  f,af  areaa-  andniuch  of  the  exploration  process  can  be  done  by 

zones  and  the  selecting  ^  ^  °f  Ph°Spha,e 

variawfrth°ena^ouVntUof  dTSitj  associated  with  metamorphic  rocks  is  quite 
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Specifications  for  sand  and  gravel  in  different  uses  have  become  exaction  The  ra,i»  „r 
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mineral  exploration  has  become  increasingly  important  since  1947,  particularly  with  the 

grow  o  population  in  the  Western  States  and  the  increasing  urbanization  of  the  entire 
nation. 


5.  Exploration  Entities 

The  depletion  of  known  ore  reserves,  an  increasing  demand  for  raw  materials,  the 
disappearance  of  well-exposed  mineral  deposits  on  accessible  land,  the  active 
discouragement  ol  the  small  prospector-miner  as  an  exploration  and  development  tool,  and 
the  generally  reduced  availability  of  mineral-bearing  lands  after  1947  caused  an  explosive 
expansion  ot  exploration  by  operating  mining  companies.  Most  of  this  expansion  has 
occurred  in  the  years  since  the  end  of  the  Korean  War.  Many  companies  have  established 
tormal  exploration  units  which,  in  some  cases,  are  relatively  autonomous  divisions  or  even 
subsidiary  companies.  The  exploration  manager  or  vice-president  and  the  president  of  a 
subsidiary  exploration  company  now  typically  rank  higher  than  the  company’s  chief 
geologist.  The  attached  charts  illustrate  some  of  the  recent  exploration  organizations  used 
by  some  ol  the  larger  mining  companies.  This  trend  to  formal  exploration  units  has 
extended  to  the  smaller  companies  as  well.  Tor  example,  the  Callahan  Mining  Company 
established  an  exploration  group  under  a  vice-president  in  charge  of  mining  and  exploration 
in  1964.  Ihree  regional  offices  were  set  up,  with  formal  exploration  policies  and  goals. 

Minerals  exploration  by  mining  firms  has  shifted  from  passive  to  aggressive,  through 
necessity.  By  1960  the  companies  no  longer  had  a  large  backlog  of  properties  partly 
explored  and  developed  by  the  small  prospector-miner,  and  exploration  emphasis  was 
shitted  to  the  active  reconnaissance  ol  large  regions  and  the  examination  of  known  mining 
districts  tor  larger,  less-exposed  mineral  deposits.  Regional  and  district  offices  were 
established  trom  which  active  exploration  could  be  conducted.  Local  offices  were  set  up  in 
particularly  active  areas,  under  regional  of  I  ices.  Research  staff  organizations  were  formed  to 
assist  these  offices  with  in-depth  studies  of  areas  and  concepts  favorable  to  the  search  for 
ore.  Geophysical  and  geochemical  service  organizations  sprang  up  and  were  gradually 
supplemented  and  supplanted  by  the  establishment  of  geophysical  and  geochemical  units 
within  company  exploration  divisions.  Specialists  in  particular  forms  of  exploration  and  in 
particular  mineral  commodities  were  trained  or  added  to  exploration  organizations.  Land 
men  and  land  departments  were  formed  to  deal  exclusively  in  land  problems  and 
acquisitions. 

Geophysical  and  geochemical  exploration  and  land  acquisition  at  one  time  were  (and 
still  are,  in  many  of  the  smaller  companies)  largely  handled  by  geologists.  As  the  size  of  the 
minerals  exploration  effort  grew,  these  functions  became  too  specialized  and  burdensome 
tor  the  individual  geologists  to  handle  in  addition  to  their  other  exploration  responsibilities. 
Just  as  geophysicists  and  geologists  specializing  in  geochemistry  were  added  to  the 
organizations  as  service  personnel,  so  also  the  multiplicity  of  land  negotiations  and 
acquisitions  coupled  with  the  need  to  check  the  status  of  various  state,  federal,  and  private 
lands  tor  previous  claims  and  titles  became  a  full-time  job  lor  one  or  more  men. 

Since  1947,  the  exploration  units  of  nearly  all  of  the  principal  mining  firms  have  grown 
in  size  and  complexity.  The  organizational  patterns  shown  in  f  igures  5  and  6  are  typical  of 
the  organizational  structures  that  have  evolved  in  the  exploration  activities  of  large  minerals 
firms  since  the  end  of  World  War  II.  In  the  first,  the  new  exploration  specialists  were  simply 
added  to  or  fitted  in  with  the  existing  mining  organization.  In  the  other,  exploration  was 
given  special  emphasis  with  the  creation  of  a  subsidiary  company  designed  solely  to  search 
for  new  mineral  deposits  and  evaluate  existing  properties. 

6.  Types  of  Deposits  Sought 

One  ol  the  conditions  that  has  accompanied  the  growing  complexity  of  minerals 
exploration,  and  in  fact  contributed  to  it,  is  the  rapid  disappearance  (particularly  since 


779 


Fig.  7  •  Organization  of  a  large  non-ferrous  metals  mining  and  smelting  firm  with  exploration  activities 
mingled  with  the  production  organization.  ___  _ _ _ _ _ _ _ 


Fig.  8  ■  Organization  of  the  exploration  organization  of  a  large  non-ferrous  metals  mining  company 
using  a  separate  subsidiary  company  solely  responsible  for  minerals  exploration.  Y 


World  War  II)  of  outcrop  mineral  deposits  and  the  increasing  importance  of  hidden 
orebodies.  This  has  been  so  even  in  established  mining  districts,  where  the  need  for  new 
orebodies  to  replace  those  depleted  by  the  high  minerals  production  of  World  War  II  and  the 
Korean  War  has  been  particularly  acute  since  the  late  1940’s.  Concepts  have  changed  and 
the  methods  have  improved,  but  the  sequence  of  events  leading  to  the  discovery  of  a 
concealed  orebody  follows  an  old  and  often-stated  pattern.  It  begins  with  the  recognition  of 
a  favorable  situation  and  with  the  formulation  of  logical  supposition  for  testing.  A  series  of 
alternative  suppositions,  investigations,  newer  suppositions,  and  closer  investigations  follow 
until  a  discovery  is  made  or  until  further  investigation  cannot  be  justified.  The  favorable 
geological  situation  is  the  all-important  anchor  point.  In  a  broad  sense,  it  is  an  anomaly, 
some  item  of  potential  significance  which  stands  above  a  threshold  value  and  which  can  be 
recognized  against  a  background  of  “normal”  geological,  geochemical,  geophysical,  or  other 
relevant  conditions. 

An  anomaly  may  involve  an  apparent  concentration  of  known  orebodies  along  a 
particular  structural  zone  or  “break.”  It  may  refer  to  the  geochemical  association  of  certain 
metals  with  a  sedimentary  bed,  or  it  may  be  expressed  as  a  geophysical  “high.”  Two 
prospect  pits  exposing  the  same  fracture  zone  suggest  a  favorable  situation  and  represent  no 
less  of  an  anomaly  for  geologic  investigation  than  a  conductive  zone  indicated  by  an 
electrical  survey.  In  either  case,  the  recognition  of  an  anomaly  requires  searching  effort  and 
skill  in  recognition.  Both  searching  and  skill  require  a  committment  of  money  and  men  for 
an  extended  time. 

A  great  majority  of  ore  deposits,  even  those  discovered  in  the  classic  days  of  surface 
prospecting,  were  concealed  in  some  way  during  most  of  their  history.  In  order  to  be 
recognized  at  the  surface,  an  orebody  must  have  been  exposed  so  quickly  that  it  did  not 
have  time  to  attain  equilibrium  with  the  surface  environment.  Rapid  erosion,  a  landslide,  or 
a  railroad  cut  have  in  many  cases  achieved  the  purpose  of  “catching  an  orebody  by  surprise” 
while  it  was  still  a  visible  anomaly  and  before  it  had  decomposed  enough  to  be  concealed  in 
the  immediate  geologic  background.  1  hus,  many  of  the  historic  ore  discoveries  began  with 
recognizing  some  interesting  “float”  of  ore-bearing  boulders  (an  anomaly)  and  then  kicking 
the  moss  off  a  likely  looking  area.  If  the  prospector  liked  the  looks  of  the  new  exposure,  he 
kept  testing  his  geologic  assumptions  by  digging  holes,  sinking  shafts,  and  driving  tunnels 
until  he  made  a  significant  discovery  or  until  he  ran  out  of  money  and  patience. 

Mineral  seekers  operate  in  much  the  same  manner  now,  except  that  the  cover  has 
become  thicker  and  the  indications  more  delicate.  If  the  target  deposit  is  concealed  by 
pre-ore  rock  and  residual  soil,  advantage  is  taken  of  any  worthwhile  available  evidence. 
There  may  be  favorable  structure  leading  to  depth,  a  leached  and  decomposed  outcrop  of 
acceptable  character,  or  a  geophysical  and  geochemical  anomaly  that  can  be  recognized  as  a 
part  of  the  affected  zone  which  surrounds  some  orebodies. 

If  a  valuable  mineral  deposit  is  suspected  to  lie  beneath  post-ore  cover,  all  of  the 
evidence  from  the  nearest  outcrop,  the  district,  and  even  from  the  region,  is  projected  into 
the  most  favorable  target  area.  The  job  of  ore-finding  then  hinges  upon  the  use  of 
geophysical  data  and  groundwater  geochemistry,  aided  by  such  evidence  as  can  be 
gained  from  deep-rooted  plants  and  from  drill  holes.  Geologic  projection  had  a  prime  place  in 
exploring  for  deep  placer  leads  beneath  volcanics  in  Australia  in  the  last  century,  and  geologic 
projection  has  acquired  an  even  greater  place  in  projecting  conditions  for  geophysical  targets 
beneath  pediment  gravels  in  the  Southwestern  United  States  within  the  past  20  years.  There 
are  also  other  ways  in  which  a  particular  mineral  deposit  may  have  become  concealed  as 
shown  in  Figure  9.  Examples  of  such  deposits  discovered,  many  of  them  since  1947,  are 
given  in  Table  4. 

The  “blind”  orebody,  best  typified  by  deep  discoveries  in  the  Coeur  d’Alene  district, 
Idaho,  has  provided  a  first-rate  challenge  for  structural  projection  from  existing  mine 
workings.  This  type  of  work,  utilizing  the  geologist’s  entire  bag  of  tricks,  every  geochemical 
and  laboratory -supported  mineralogical  guide,  and  every  geophysical  technique  that  can  be 
carried  underground,  has  been  responsible  for  the  longevity  of  both  the  Magma  Mine  at 
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Leached  Ore body 
(Leached  capping  visible) 


Water  Table 


Blind  Orebody 
(Controlling  structure  visible) 


Covered  Orebody 

(Concealed  by  post-ore  sediment 


Related  Orebody 
( Other  minerals  visible) 


Truncated  Orebody 

(Concealed  by  faulting) 


Fig  9  -  Idealized  representation  of  various  types  of  concealed  orebodies.  With  surface  outcrops  of 
valuable  minerals  long  since  discovered  and  worked,  techniques  for  recognizing  indications  of  hidden 
mineral  deposits  are  now  of  vital  importance  in  die  search  for  minerals. 


Table  4 


DISCOVERY  EXAMPLES:  CONCEALED  EXPLORATION  TARGETS 


A.  Leached  Outcrops: 

Orebody  Name 

Bingham,  Utah  (Copper) 

Ely,  Nevada  (Copper) 

Ajo,  Arizona  (Copper) 
Inspiration,  Arizona  (Copper) 
Copper  Cities,  Arizona  (Copper) 
San  Manuel,  Arizona  (Copper) 
Happy  Jack,  Utah  (Uranium) 
Silver  Bell,  Arizona  (Copper) 
Safford,  Arizona  (Copper) 
Esperanza,  Arizona  (Copper) 

B.  “Zoned”  Orebodies: 

District  or  Mine  Name 

Butte,  Montana 
Rico,  Colorado 
San  Juan,  Colorado 
Iron  King,  Arizona 

C.  “Blind”  Orebodies: 


Depth  to  Ore 

Recognition  Date 

25  ft. 

1904 

100  ft. 

1904 

50  ft. 

1911 

400  ft. 

1915 

20  ft. 

1942 

150  ft. 

1945 

200  ft. 

1947 

100  ft. 

1948 

400  ft. 

1956 

95  ft. 

1957 

Ores  of  several  metals  found 
at  various  depths  throughout 
history  of  mine  and  district. 


Orebody  Name 

Coeur  d’Alene  deep  orebodies,  Idaho 
Big  Indiana  Orebodies,  Utah  (Uranium) 
Viburnum,  Missouri  (Lead) 

Faith,  New  Mexico  (Uranium) 

Hogan,  New  Mexico  (Uranium) 

Burgin,  Utah  (Lead-Zinc-Silver) 

Copper  Basin,  Nevada  (Copper) 

Copper  Creek,  Arizona  (Copper) 

D.  Truncated  Orebodies: 

United  Verde  Extension,  Arizona  (Copper) 
Kalamazoo,  Arizona  (Copper) 

E.  Beneath  Post-Ore  Sediments: 

Pima,  Arizona  (Copper) 

Daisy,  Arizona  (Copper) 

Mission,  Arizona  (Copper) 

Ambrosia  Lake,  New  Mexico  (Uranium) 
Palo  Verde,  Arizona  (Copper) 

Twin  Buttes,  Arizona  (Copper) 

Sources  of  data:  various 


Depth  to  Ore  Discovery  Date 


to  4300  ft. 
70-2500  ft. 
1200  ft. 
400  ft. 
350  ft. 
1000  ft. 
200  ft. 
2000  ft. 


various  since  1880’s 
various  since  1940’s 
1955 
1955 
1958 
1958 
1961 
1966 


1500  ft.  1914 

2500  ft.  1965 


225  ft. 
337  ft. 
200  ft. 
340  ft. 
365  ft. 
400  ft. 


1951 

1953 

1954 

1955 

1956 
1964 
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Superior  Arizona,  and  the  Copper  Queen,  at  Bit, bee.  With  such  geologic  work,  the  book  is 

never  really  closed  on  an  old  mining  district.  Figure  1 0  illustrates  the  great  vertical  range  of 

ore  shoots  in  the  Coeur  d’Alene  district  and  gives  an  idea  of  the  depth  at  which  some  have 
been  found. 

The  leached  type  of  deposit  illustrated  in  Figure  9  has  been  the  focus  for  repeated 
investigation  in  districts  where  a  few  shallow  mines  and  pits  once  provided  small  tonnages  of 
oxidized  ore.  Techniques  of  leached  outcrop  evaluation  are  of  longstanding  importance  and 
are  still  prime  subjects  for  research.  The  uranium  mines  in  the  Blind  River  area  of  Ontario 
and  several  new  porphyry  copper  mines  in  the  Southwestern  United  States  owe  their 
existence  to  a  thorough  analysis  of  the  exposed  and  leached  guides  to  ore.  Geophysics 
especially  new  electrical  methods,  have  come  to  play  a  major  role  in  assessing  the 
characteristics  of  orebodies  hidden  beneath  the  zone  of  oxidation. 

The  zoned  orebody  concept  is  of  particular  significance  in  examining  old  and  even 
newly-forgotten  mining  camps  where  the  ore  “played  out”  at  depth  or  underwent  changes 
.  mi^ralogical  nature.  Shallow-seated  silver  ores  at  Kutna  Hora,  Czechoslovakia,  were 
mined  from  the  13th  to  the  17th  Centuries  and  were  essentially  exhausted,  but  the  present 
day  1  urkanksa  Mine,  several  kilometers  to  the  north  and  in  deeper  ground,  is  producing  zinc 
ore  trom  extensions  of  different  characteristics  in  the  same  veins.  The  effect  of  depth  zoning 
is  especially  well-illustrated  in  a  sulfide  orebody  that  has  been  discovered  beneath  a  barite 
eposit  at  Walton,  Nova  Scotia.  The  illustration  is  particularly  interesting  in  that  the 
discovery  ol  the  barite-sulfide  complex  began  with  an  examination  of  an  isolated  and 
unimpressive  outcrop  of  only  a  few  square  feet  in  area.  There  are,  no  doubt,  many  more 
discoveries  to  be  made  among  innumerable  so-called  “teaser”  districts,  providing  that  the 
time  can  be  taken  to  allow  tor  a  high  degree  of  geologic  thought,  well-placed  geophysical 
investigations,  and  thorough  studies  ol  the  older  mine  workings.  Inasmuch  as  the  actual 
processes  which  result  in  the  zonal  distribution  of  minerals  are  still  not  well  understood, 
there  are  undoubtedly  more  disappointments  than  successes  yet  to  be  encountered. 

The  search  for  truncated  orebodies  is  as  old  as  mining  itself.  The  challenge  is  especially 
attractive  inasmuch  as  it  is  comparable  to  the  big  fish  that  got  away,  and  there  is  a  great  deal 
of  potentially  valuable  evidence  available  at  the  exposed  fault  surface.  The  Kalamazoo 
orebody  discovery  at  a  depth  of  2500  feet  on  the  San  Manuel  Fault  in  Arizona  is  a  prime 
example  of  a  modern  and  successful  ore  finding  effort  utilizing  all  available  geophysical  and 
geochemical  techniques  to  supplement  good  structural  geologic  analysis. 

Concealment  by  post-ore  cover,  such  as  by  volcanics  and  consolidated  or  unconsolidated 
sediments,  makes  the  setting  lor  some  of  the  most  fascinating  modern  case  histories  in  ore 
discovery.  It  is  here  that  geophysics  has  played  its  greatest  role  to  date.  The  depth  of 
mineral  deposit  discovery  by  drill  hole  has  been  commonly  less  than  100  feet,  as  at  Kidd 
Creek  and  Mattagami  in  Canada  where  much  ol  the  surface  is  mantled  by  glacial  deposits. 
Less  often,  but  with  increasing  frequency,  there  have  been  direct  discoveries  of  orebodies 
beneath  post-ore  cover  at  depths  of  100  feet  (Maramora,  Ontario),  200  feet  (Pima,  Arizona), 
400  feet  (Twin  Buttes,  Arizona),  and  1 ,200  feet  (Viburnum,  Missouri).  The  potential  for  still 
deeper  direct  discoveries  beneath  post-ore  cover  with  the  full  utilization  of  geophysics  is 
fascinating  and  real.  Deep  penetration  geophysics  encompasses  some  very  difficult  problems 
in  energy,  resolution,  and  interpretation.  I  hese  problems  are  under  constant  research 
investigation. 


Modern  case  histories  of  ore-finding  beneath  post-ore  cover  have  a  particularly 
noteworthy  feature.  In  a  majority  of  cases,  there  has  been  a  geologic  anchor  point  in  a  few 
nearby  outcrops,  in  district  trends,  in  abandoned  prospect  shafts,  and  in  older  drill  hole 
information.  At  Mattagami,  Ontario,  the  geophysical  surveys  which  led  directly  to  the  ore 
discoveries  were  well-placed  within  a  favorable  mineral  belt,  and  the  surveys  were 
well-interpreted  on  the  basis  of  existing  geologic  information  from  a  few  small  and  widely 
spaced  outcrops  containing  minor  mineralization.  The  Pima  orebody  discovery  in  Arizona,  a 
real  milestone  in  geophysical  exploration,  was  made  in  a  well-known  mining  district  which 
had  been  carefully  selected  by  the  geophysicists  from  a  list  of  possible  target  areas.  The 
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Mission  orebody  discovery  in  Arizona  was  made  by  using  a  combination  of  geophysics  plus 
district  trends  plus  a  study  of  mineralogical  features  in  small  outcrops. 

The  geologic  anchor  point  associated  with  a  geochemical  or  geophysical  investigation  has 
provided  the  favorable  indication  upon  which  the  reconnaissance  pattern  has  been  based, 
and  it  has  provided  a  basis  for  identifying  anomalies,  background  charactersitics,  and 
threshold  values.  Geologic,  geophysical,  and  geochemical  investigations  have  been  most 
effective  in  the  search  for  concealed  ore  deposits  when  they  were  permitted  to  develop 
side-by-side.  A  sampling  traverse  or  a  line  of  instrument  stations  has  been  most  valuable 
when  it  is  locked  onto  a  well-studied  outcrop  or  a  mine  working.  A  geophysical 
interpretation  has  been  most  accurate  when  supported  by  a  drill  hole,  preferably  at  an  early 
stage  in  the  investigation  so  that  more  geophysical  work  could  follow. 

Inasmuch  as  geophysical  and  geochemical  work  has  been  reported  in  hard  figures,  while 
geologic  work  has  been  less  definite,  there  has  often  been  a  rush  to  decision  without 
allowing  for  the  time-consuming  geologic  study  needed  for  a  complete  exploration  effort. 
This  is  like  using  a  “go  or  no-go”  gauge.  The  reason  has  most  commonly  been  tied  up  in  the 
economics  of  exploration  situations.  Lengthy  preliminary  studies  are  expensive,  there  has 
usually  been  an  exploration  lease  with  a  “time  is  of  the  essence”  clause,  and  decisions  have  to 
be  made.  These  conditions  may  well  have  caused  many  an  exploration  program  to  go  off 
half-cocked  without  taking  time  to  develop  the  all-important  geologic  anchor  point.  Under 
such  conditions,  both  the  geophysicists  and  the  drillers  have  operated  with  only  a  portion  of 
the  information  which  they  should  have  had. 

The  aspect  of  more  deep  exploration  projects  with  emphasis  on  orebodies  beneath 
post-mineral  cover  makes  the  position  of  a  continuous  geologic  staff  with  regional 
know-how  more  important  than  ever.  As  minerals  seekers  reach  for  deeper  and  more 
obscure  targets,  it  has  become  less  in  the  interest  of  good  economy  to  turn  an  exploration 
department  or  a  national  exploration  policy  on  and  off  as  a  result  of  changes  in  the  demand 
lor  a  particular  mineral  commodity.  A  well-oriented  and  capable  exploration  organization  of 
a  size  which  can  be  maintained  through  a  long  period  of  time  could  provide  at  least  the  first 
step  to  needed  geologic  anchor  points  on  short  notice.  The  anchor  point  is  likely  to  be  based 
upon  regional  study  and  thorough  familiarity  with  a  particular  area,  it  seems  poor  economy 
to  launch  an  exploration  program  for  a  concealed  orebody  without  a  preliminary  investment 
in  the  information  needed  to  select  the  proper  geophysical  techniques,  the  most  effective 
geochemical  sampling  patterns,  and  the  best  drilling  sites.  Such  informational  continuity  has 
become  increasingly  critical  in  the  past  two  decades. 
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Fig  10-  Exposed  and  concealed  ore  shoots  in  the  Coeur  d'Alene  district  of  Northern  Idaho.  Although 
rrvmy  such  districts  were  originally  discovered  by  the  finding  of  surface  outcrops  of  metal-bearing  minerals, 
their  lives  have  been  prolonged  only  because  active  exploration  has  discovered  previously  concealed 
oretxxfies  at  depth.  ' 
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E.  CURRENT  EXPLORATION  PRACTICE 
I .  Regional  Reconnaissance 

Present  minerals  exploration  in  the  United  States  in  some  respects  is  similar  to 
exploration  as  it  was  conducted  prior  to  1 872.  In  other  ways  it  reflects  the  numerous 
technical  and  economic  changes  that  have  taken  place  since  that  time. 

n  the  regional  reconnaissance  stage  of  mineral  exploration,  most  or  all  of  the 
prepara  ory  work  is  now  done  as  an  office  study.  Mineral  commodities  are  selected  for 
expioratior^and  a  study  is  made  of  the  environments  in  which  these  commodities  are  likely 
o  occur.  This  involves  a  review  of  the  geologic  literature,  evaluation  of  the  types  and 
abundance  of  areas  of  known  mineralization,  and  the  potentials  of  different  environments 
o  con  am  eposits  of  the  type  desired.  Areas  within  selected  environments  believed  to  be 
avorable  are  then  subjected  to  actual  field  reconnaissance. 

Theoretical  geologic  studies  are  often  made  by  projecting  known  structural  and 
tormational  trends  to  determine  favorable  geologic  conditions  not  previously  recognized  in 
th®.  “t®raturc*  A^nal  photographs  and  topographic  maps  are  used  quite  often  as  a  base  on 
wnich  to  plot  information,  and  photogeologic  maps  are  frequently  constructed  by  plotting 
features  noted  on  the  photographs  for  areas  which  have  not  previously  been  mapped.  Brief 
trips  to  areas  of  interest  may  be  made  for  familiarization. 

i  ^P°^tance  °f  this  preparatory  work  has  gained  considerable  recognition  within  the 

1 947W°  decades‘  As  one  Pr°minent  (and  successful)  consulting  geologist  stated,  even  before 


Most  recent  discoveries  of  ore  by  geologic  methods  resulted  from  detailed 
stu  ies  of  structural  conditions  and  these  had  detailed  large-scale  mapping  as  their 

D3S6. 

Another  authority  restated  this  after  the  close  of  World  War  II: 

In  these  days  most  projects  for  the  exploration  and  development  of  metals 
are  carried  out  under  some  form  of  geological  guidance,  whether  it  is  supplied  by 
professional  geologists  or  by  engineers  who  have  themselves  acquired  a  knowledge 
of  geology,  and  whether  it,  is  based  on  original  investigation  or  on  surveys  by 
government  or  scientific  organizations.”3  5 

If  *he  office  studV  suggests  favorable  target  areas,  these  areas  are  then  examined  in  the 
field,  first  perhaps  by  airborne  visual  reconnaissance  and  geophysical  surveys,  followed,  if 
the  area  still  looks  favorable,  by  reconnaissance  geologic  mapping,  plus  ground  geophysical 
and  geochemical  surveys.  The  general  land  availability  for  acquisition  is  checked,  and 
submittals  by  property  holders  already  in  the  area  may  be  examined. 

At  this  stage  geochemical  surveys  are  designed  to  detect  suitable  target  areas  as  rapidly 
as  possible  and  to  provide  background  data.  Samples  are  spaced  far  apart,  sometimes  a  mile 
or  more,  usually  along  major  tributaries  of  streams  that  drain  large  areas.  Once  detection  of 
an  anomaly  is  made,  its  extent  is  outlined  by  further  geochemical  sampling.  Surface  samples 
are  then  collected  over  the  specific  target  area  at  intervals  of  500  feet  apart,  or  less. 

Widely-spaced  geophysical  surveys  may  also  be  conducted.  Airborne  geophysics  is  often 
used  during  this  phase  of  exploration  as  it  can  permit  coverage  of  large  areas  in  a  relatively 
short  period  of  time.  Following  discovery  of  an  airborne  geophysical  anomaly,  ground 
geophysical  surveys  are  made,  normally  with  geological  reconnaissance  mapping  of  the 
pertinent  area. 

The  combination  of  geologic  information,  theory,  and/or  geochemical  and  geophysical 
work  is  designed  either  to  eliminate  the  area  from  further  evaluation  or  outline  one  or  more 
smaller  target  areas  within  the  overall  reconnaissance  area.  If  collection  and  evaluation  of 
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tlie  data  have  delineated  a  target  area  of  potential  mineral-bearing  ground,  work  proceeds  to 
the  next  phase. 

2.  Target  Area  Examination 


Once  a  target  area  is  selected  and  its  land  status  is  determined,  the  ground  is  either 
staked  optioned,  or  leased,  or  a  prospector’s  permit  is  secured,  depending  upon  the 
ownership  status  of  the  minerals  in  the  area.  If  the  ground  is  to  be  staked  (i.e  if  its 
minerals  are  in  the  public  domain  and  legally  locatable),  the  necessary  supplies  are  secured 
(wooden  posts  for  monuments  and  containers  for  the  claim  notices)  and  location 
monuments  are  emplaced  on  the  ground  itself.  Generally  the  distance  between  location 
monuments  is  paced  or  measured  roughly  with  a  tape  in  order  to  cover  the  ground  as 
quickly  as  possible  This  is  done  to  forestall  acquisition  by  competitive  interests.  Ten  claims 

can  often  be  staked  this  way  in  the  same  amount  of  time  required  to  survey  accurately  two 
or  three  claims. 

Once  the  location  monuments  are  in  and  the  notices  recorded,  the  corner  and  end 
monuments  are  put  in.  Although  the  maximum  legal  size  of  claim  is  normally  staked 
experienced  exploration  crews  usually  stake  their  claims  so  that  there  is  from  1 0  to  50  feet 

of  overlap  of  one  claim  onto  the  other.  This  is  done  to  avoid  leaving  fractions  which  can  be 
claimed  by  adverse  parties. 

If  the  terrain  is  very  rough  or  vision  is  obscured  by  vegetation,  the  initial  paced  or  tape 
traverses  may  not  be  considered  sufficiently  accurate  and  the  monuments  are  surveyed  to 
ensure  complete  coverage  of  the  ground.  Adjustments  in  the  claim  corner  locations  are  made 
as  necessary  and  an  amended  claim  notice  is  filed.  If  the  pace  or  tape  measurements  are 

lef^to  ariater°datereaS°nab  y  aCCUFate  'With  n°  danger  of  fractions>  formal  surveying  may  be 

More  often  than  not  the  ground  which  is  staked  contains  pre-existing  claims.  The  new 
t  aims  are  staked  to  overlap  the  older  ones,  leaving  no  fractions.  The  owner  of  the  older 
claims  is  usually  contacted  and  his  claims  are  leased,  with  option  to  purchase. 

,  "  o  °Sj  areasl  va,ldation  of  the  claims  requires  that  location  work  be  performed  within 

nit°” 1  i  °1  da/|S  °f  C  locatlon-  This  work  consists  of  digging  (or  blasting)  a  “discovery 

an  ;vd  10  6t  ler  f,fV°lenteetdeeP’dePending  °n  the  type  of  excavation.  In  some  state* 
xploratory  drill  hole  of  a  specified  depth  may  replace  the  “discovery”  pit.  The  drill  hole 

is  generally  preferred,  both  by  the  surface  owner  and  the  mineral  seeker,  as  several  claims  (at 
east  in  Arizona)  can  thus  be  validated  by  one  drill  hole  and  the  ground  is  not  unnecessarily 
torn  up  by  numerous  pits  or  bulldozer  trenches.  Furthermore,  under  current  conditions,  the 

“discovery”  pit^  t0  provide  usefld  information  than  is  a  relatively  shallow 

The  purpose  of  the  drill  hole  or  pit  at  this  stage  is  to  meet  the  legal  requirements  for  a 
iscovery  of  mineral  in  place.  In  practice,  however,  alluvial  fill  may  be  too  thick  over  part  or 
'  ,  U}?  Potcntially  mineral-bearing  rock,  so  that  penetration  of  the  ground  is  limited  to 

S  exf  nse  required  by  the  various  state  laws.  Exploration  groups  prefer  to 
make  their  major  drilling  expenditures  on  the  best-looking  portions  of  the  target  area  If 

these  are  favorable,  drilling  will  later  extend  outward  to  prove  or  disprove  ore  mineralization 
on  tne  surrounding  claims. 

™™eJUSt°m  am°ngmost  exploration  men  has  been  generally  to  respect  the  rights  of  the 

whether  minernr  0f1cla'ms1f°  long  as  theV  actively  being  explored  and  maintained, 
whether  mineral  in  place  is  shown  or  not  tor  each  and  every  claim.  This  is  because  those  in 

nremT?  |ry  T  that  the  cost  of  lega"y  “Paving  up”  each  individual  claim  may 

examine  the  ,Ve  an,excesslve  amount  °f  funds  available,  leaving  an  inadequate  amount  to 
h“"  principal  specific  target  or  targets  within  the  target  area.  Determination  of 

location^ work flfn.h»q.UlreSf-Vera  .m.01?th.S’  S‘Udy  ‘°nger  tllan  ,he  period  legal|y  allowed  for 
area  m-w  '  the  ground  ls  not  staked  until  a  specific  target  is  determined,  work  in  the 

area  may  attract  conflicting  interests  who  will  stake  the  ground  for  their  own  advantage. 
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Fig.  1 1  -  Diamond  drilling  to  evaluate  a  potential  uranium  orebody  in  Northern  New  Mexico.  The  use  of 
larger  and  more  technically  sophisticated  equipment  in  exploration  has  substantially  increased  both 
capabilities  and  costs.  (Photo  courtesy  of  Thomas  Nye) 
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thfref°re’  den]ands  that  the  general  ajea  of  interest  be  staked  in  advance  of  the 
detailed  exploration  work  necessary  to  determine  and  test  the  specific  target 

explomtioT  RaThaetri°f  3  Valuab*e  mineral  dePosit>  of  course,  is  not  known  in  advance  of 
exploration.  Rather,  an  area  containmg,  or  suspected  to  contain,  favorable  evidence  of 

bcat'on  oT  aforehr  ^  aCqifed-  If  there  were  some  waV  to  determine  the  precise 

nitial  of  ase  of  the  y  “  i  T**'  °f  daimS  °r  gr°Und  area  taken  UP  in  the 

rnmln-ff  iff  ?  exPIoratlon  process  could  be  substantially  reduced  for  most 

modit.es.  Unfortunately  this  is  not  the  case  and  probably  never  will  be  To  the  contrary 

it  is  common,  particularly  in  the  search  for  metals,  that  what  is  at  first  be  ieved  to  be  the 

principal  target  is  later  disproven  by  detailed  drilling.  This  same  drilling  however  may 

provide  evidence  of  favorable  mineralization  elsewhere.  This  mineralization’ is  then  tracked 

of  ,  bsequent  dr'llin«  “"I11  elther  an  orebody  is  found  or  circumstances  cause  abandonment 

the  nn-n  Th?  aC*Ua  mineral  deposit  may  be  shifted  somewhat  from  the  original  site  of 

he  pnncipa1  target,  or  it  may  be  completely  separate  from  it.  Prudence  demands  therefore 

ler"SritiS,Tcove:Jaken  UP  *°  the  e"‘ire  p0‘e"‘ia'  ™  « 

examination  ^  ,bee"  mad®  of  a  reSion  and  a  specific  target  area  selected  for 
aminahon,  additional,  more  detailed  geologic  mapping  and/or  geochemical  and 

complexity  of°the‘lorll  ^  ,requir®f '  DePendin«  on  the  type  of  mineral  commodity  and  the 
mplexity  01  the  local  geology,  all  or  none  of  these  techniques  may  be  used  Ordinarilv  at 

east  some  further  study  of  the  area  is  made  before  the  specific  t^et  fa 

ug  i  may  be  restricted  to  a  review  of  previously  acquired  data  As  a  rule  metallic 

mineral  deposits  are  smaller  and  situated  in  a  more  complex  geologic environment  in 

non-metalhc  mmeral  deposits,  thus  requiring  more  intensive  and  detailed  geologic  study 

to  500  feetSto8thefinthh  eXpl°rat!°n  process>  «eol°gic  mapping  is  done  on  a  scale  of  from  50 
SUU  teet  to  the  inch,  augmenting  data  recorded  on  scales  of  500  to  5000  feet  to  the  inch 

Moll,  rec°nna,ssance  P*«.  Geochemical  samples  may  be  collected  at  internals  of  50  to 
200  feet  apart  on  a  grid  pattern  covering  the  area,  and  closely-spaced  geophysTcal  traverses 

R  y.  C  °Ver  Pfrt  °r  a11  01  the  area-  These  traverses  may  be  100  to  1000  feet  apart 
Rock  samples  are  frequently  collected  for  microscopic  and/or  x-ray  analysis  ofPthe 
mineralogy  as  ,t  relates,  or  may  relate,  to  ore  deposition.  V  Y  *  °  *he 

drilling6  Normally  whereT  ana'yZed’  and  one  or  more  specific  targets  are  selected  for 

road  construct  on  rirM?  nT  mv0'ved>  bids  are  requested  from  contractors  for 

roaa  construction,  drill  site  preparation,  and  the  actual  drilling.  Funds  are  allocated 

tracts  drawn  UP>  and  the  project  proceeds  to  the  next  phase. 

withinth  eiC,S1°n  !?  t0  ^hat  constitut^!S  a  tai*get  area,  and  what  is  a  specific  target  deposit 

tho*  data  Internet  T*'y  °"  ‘he  aVailable  data  and  partly  on  ^he  interpretation  of 
dat,  InterPretatl°n,  Of  course,  varies  with  the  experience  and  skill  of  the  individualist 

kmg  the  interpretation.  Target  selection  also  depends  on  the  amount  of  risk  that  is  to  be 

assumed  and  the  funds  available  for  exploration  Only  rarely  are  all  ^he  data  and  theW 

Sffirrjr  SUCn  di“a  inC'Ude  the  Presen“  a"d  relate  ^undan  o' 

°  ®  minera,s  and/or  minerals  normally  associated  with  ore,  favorable  conditions  of  rock 
associations  and  structures  (faults,  fractures,  veins,  and  attitudes  of  the  rock  formations) 

to  several^hlteroretafion^TTie'if^d3*  Normally’ the  da'a  a'e  incomplete  and  open 

more  iSSS  « 

o  ,,™,/,":1;: ;,d™* •*? * ™« '».»■,"/ i.p«"  LS 

*  -  -»=  ’  ■SSS.VJS  SS.VJ3 

-  ass?  »rr.=r  ss  ss ; 
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may  eliminate  a  particular  mineral  deposit,  otherwise  of  good  quality  as  a  target  A 

eMZnatdCnmmcon,ilVerbearing  w*th.  a  Mgh  ">»nganeSe  oxide  content  may'  be 
many  instances  Derwwit  3  """’•it?  Ver  's  d*fficult  to  separate  from  the  manganese  oxide  in 
hive  to  hi  ^  rr  a“essibdlty  and  the  climatic  conditions  under  which  mining  would 

a  h  Jir  antidLtd  fif  rV  ™e  P0tential  °rebody  to  be  explored  must  have 

*-  •— «*» 

Because  of  differences  in  interpretation  anc  changing  technology  and  economics  a 
—  a,"  area  of  Potential  mineralization  may  be  considered  or  explored  by  a 

“e°^  r^trPani?  bel?rC  3  USeable  mineral  deP°sit  is  found-  ™s 

been  the  rule  rather  than  the  exception  for  most  mines  in  operation  today  As  a  result 

"oITbrief  oTsmalf  bUt  Having  had  previous  P^uction,  no  matted 

individuals  J  rn  °W  reevaluated  and  explored  more  than  ever  before  by 

md.v, duals  and  companies  of  all  sizes.  Rejection  of  a  particular  property  district  or 

of  potent  by  °nC  °r  m°re  COmpanies’  therefore,  is  not  conclusive  evidence  of  its  lack 

A  mmerals  exploration  group  has  as  its  objective  the  testing  of  a  target  or  target  area 
with  the  minimum  expenditure  of  funds  necessary  to  prove  or  disprove  the  interpretation  of 

o  comnlVMv  t-H  V  '"e0ry-  °n,y  rarely  are  ,here  sum-e'"  Mesons  and  funds 
tw,*nivPJ  i V  ldate  3  arge(  area  ,or  fur,her  consideration.  A  given  company  may  have 
twenty  exploration  projects  and  a  one  million  dollar  exploration  budget  for  a  given  year 

This  would  allow  an  equal  expenditure  of  $50,000  per  project,  or  about  two  to  five  drill 

of,m°derate  deP‘h  P|US  geologic  and  assay  work.  If  an  interpretation  and  specific 
target  selection  are  wrong,  an  orebody  can  easily  be  missed.  The  odds  for  successor  a 

thaTif  all  rr„:::ay  0  tM  bre  SJater  if  twen,y  targets  are  ,ested  with  a  few  holes  each 
authorities  havl  noted  ^  eXPended  to  Pr°Ve  °r  dl”  one  targeb  As  several 

Although  theories  of  genesis  and  of  ore  occurrence  provide  the  background 
tor  all  geological  thinking,  they  are  not  infallible  guides,  for  it  is  unlikely  that 
even  the  best  theory  is  correct  in  all  of  its  details.  After  all,  it  has  to  be  based  on 
circumstantial  evidence.  Since  none  of  us  were  on  hand  when  an  ore  deposit  was 
lormed,  we  can  never  know  exactly  what  the  conditions  were.  We  have  to  base 
our  conclusions  on  inferences  from  the  facts  that  we  have  and  we  never  quite 
lave  all  of  the  tacts.  Some  of  the  details  must  always  be  in  doubt  and  we  must 

never  overlook  the  element  of  doubt.  In  short  a  theory  must  never  be  taken  too 
seriously. 


“Above  all,  a  prediction  that  ore  will  not  be  found  in  a  given  place  should  be 
made  only  on  the  most  conclusive  evidence.  As  McLaughlin  and  Sales  put  it 
[McLaughlin,  D.  H.,  and  Sales,  Reno  11.,  Utilization  of  geology  by  mining 

,Coo  p  moV,  in°r<>  DeP°sits  of  thc  Western  States,  A.I.M.E.,  Lindgren  Volume,  p. 

1,  Negative  theories  ...  in  general,  are  far  more  dangerous  than 
positive  ones.  Loss  from  unsuccessful  attempts  to  find  ore  will  rarely  exceed  the 
cost  ot  development  to  test  the  ground  (plus  possible  initial  payments  on  options 
if  a  new  property  is  being  investigated),  but  negative  ideas  blindly  followed  might 
lead  to  the  unforgivable  sin  of  missing  a  great  opportunity  to  find  or  acquire  an 
important  orebody.’ ”3 6 


Once  a  specific  target  area  has  been  chosen  for  detailed  examination,  access  roads  and 
drill  sites  are  prepared,  following  which  drill  rigs  are  moved  in.  Initially,  from  one  to  five 
holes  are  ordinarily  drilled.  If  results  are  favorable,  additional  drilling  is  done  If  the  results 
are  unfavorable,  the  project  is  usually  dropped.  The  results  of  this  initial  drilling  phase  are 
generally  the  most  crucial,  and  with  few  exceptions  (e.g.,  large  continuous  and  uniform  beds 
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TARGET  AREA  EXAMINATION 


ALTERATION  OF  TYPE  B 


INTRUSIVE 
IGNEOUS  ROCK 


SEDIMENTARY  ROCKS 


ALTERATION  OF  TYPE  C 


ALTERATION  OF  TYPE  A 


DEPOSIT  EVALUATION 


OUTLINE  OF  IGNEOUS  INTRUSION 


OUTLINE  OF  ORE  BODY  AS  PROVEN  BY 
SUBSEQUENT  DEVELOPMENT  DRILLING 


^THEORETICAL  OUTLINE  OF  ORE 


BODY 


•  DRILL  HOLE  IN  ORE 
O  DRILL  HOLE  IN  WASTE 

nf  rhrll  Ge°los'c.  information  increases  and  changes  the  apparent  geologic  situation  as  the  exploration 
circumstances.  ^  Pr°9reSSeS'  The  pKture  the  in'tial  sta9es  maV  differ  markedly  from  the  actual 
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°  ”0.n_nJ®ta Ihc  mineral  deposits  which  are  gently-dipping  or  flat-lying),  the  data  are  not 
sufficient  to  make  a  definite  decision  as  to  the  presence  or  absence  of  an  orebody. 

Hie  initial  results  are  then  weighed  in  terms  of  risk  remaining  and  the  funds  available. 
1  he  expenditure  must  not  be  disproportionate  to  the  size  of  the  mineral  deposit  anticipated. 
Otherwise,  there  would  be  little  room  for  profit  once  an  orebody  were  found  and  mined. 

Hence  the  decision  continues  to  be  a  matter  of  judging  the  odds  for  success  in  the  light  of 
the  new  data  acquired. 

3.  Deposit  Evaluation 

Initial  exploration  drilling  tests  likely  sites  for  the  occurrence  of  ore  minerals.  Once  a 
iscovery  of  ore  minerals  is  made,  the  rough  extent  of  ore-grade  mineralization  is  outlined 
with  a  widely-spaced  drill  pattern.  In  the  third  phase,  delimiting  of  the  orebody  is  done  with 
closely-spaced  holes.  It  is  in  this  third  phase  that  continuity  of  ore-grade  mineralization  (or 
ack  of  it)  is  determined.  At  this  point  the  shape  of  the  mineral  deposit  is  generally  modified 
rom  the  outline  inferred  from  previous  drilling.  Not  infrequently,  sufficient  areas  of  waste 
are  discovered  between  the  earlier  drill  holes  to  raise  serious  doubts  as  to  the  economic 
worth  of  the  deposit  or  to  disprove  its  value. 

More  often  than  not,  the  initial  phase  of  exploration  drilling  consists  of  tracking  the 
evidence  of  mineralization  in  hopes  that  it  will  lead  to  ore.  So  long  as  the  results  are 
encouraging,  the  tracking  will  continue.  Sometimes  a  “teaser”  of  mineralization  is 
encountered,  and  the  decision  to  continue  or  not  is  a  difficult  one.  If  the  exploration 
manager  teiminates  the  project  too  early  he  may  have  missed  an  orebody.  Conversely, 
continued  drilling  of  such  an  area  where  no  ore  is  to  be  found  will  cost  excessive  sums  of 
money,  time,  and  manpower. 

Even  drilling  has  its  limitations  as  an  exploration  tool.  A  diamond  drill  core  provides  a 
cylinder  of  rock  from  about  one  to  two  inches  in  diameter.  Other  types  of  drilling  yield 
cuttings  fiom  a  hole  which  may  vary  from  six  to  12  inches  in  diameter.  In  relation  to  the 
volume  of  rock  involved,  these  are  relatively  small  samples.  Furthermore,  there  may  be  no 
guarantee  of  the  continuity  of  mineralization  shown  in  adjacent  drill  holes.  The  amount  of 
continuity  likely  varies  with  the  type  of  ore  deposit.  In  some  veins,  ore  shoots  are  very 
spotty,  in  others,  they  may  be  continuous.  I  here  is  a  better  chance  of  continuity  in  base 
metal  veins  than  in  precious  metal  deposits,  and  in  precious  metal  veins,  there  is  a  better 
chance  with  silver  than  with  gold. 

With  diamond  drilling  costs  at  $10  per  foot  or  more,  there  is  a  practical  limit  to  the 
closeness  of  spacing  of  the  drill  holes.  In  vein  deposits,  even  where  drilling  results  are 
favorable,  considerable  risk  is  usually  entailed  and  the  development  of  underground 
workings  is  necessary  for  full  evaluation.  (See  Chapter  5,  Figures  64  and  65.)  Partly  in 
compensation,  the  capital  investment  required  to  bring  vein  deposits  into  production  is 
usually  tar  less  than  with  the  large  disseminated  deposits,  such  as  the  porphyry  coppers.  With 
the  porphyry  coppers  and  similar  types  of  deposits,  such  as  Climax  molybdenum  and  Carlin 
gold,  the  ore  minerals  are  distributed  through  the  host  rock  with  surprising  uniformity,  like 
very  small  raisins  in  a  very  large  pudding.  (See  Chapter  5,  Figures  71  and  72.)  This  means 
that  exploration  drilling,  even  with  a  rather  wide  spacing  of  holes,  can  approximate  very 
closely  the  size  and  shape  of  the  orebody,  and  its  average  metal  content.  All  American 
porphyry  copper  deposits  have  been  blocked  out  in  this  way,  with  limited  underground 
workings  driven  to  check  the  drill  sampling,  often  in  conjunction  with  the  acquisition  of 
bulk  samples  tor  a  pilot  mill.  Nevertheless,  at  some  porphyry  copper  deposits  designed  to  be 
mined  by  open  pit  methods,  the  stripping  of  waste  overburden  has  occasionally  been  started 
on  the  basis  of  drilling  alone. 

I  he  stripping  of  waste  overburden,  or  the  driving  of  underground  extraction  openings  is 
properly  called  mine  development,  not  mineral  exploration.  Nevertheless,  exploration,  even 
at  open  pit  mines,  continues  throughout  the  life  of  the  mine.  In  vein  mines,  new  orebodies 
must  be  found  to  replace  those  mined  out,  and  it  is  seldom  possible  to  find  all  of  these 
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during  the  strictly  exploration  phases.  In  large  disseminated  deposits,  in  spite  of  the 
relatively  even  distribution  ol  ore  minerals,  the  distribution  does  vary  locally,  and  the 
variation  may  not  be  disclosed  by  the  drilling.  Faults  and  other  critical  structures  also  may 
not  have  been  disclosed  initially  but  only  upon  actual  excavation. 

Most  exploration  projects  carried  out  by  large  companies  are  under  the  control  of  a 
project  manager,  who  answers  to  the  district  geologist  or  to  the  firm’s  home  office.  Under 
the  project  manager  are  one  or  more  geologists  and  samplers  who  keep  a  record  of  the  drill 
core  or  cuttings,  collect  samples,  have  them  assayed,  and  record  the  necessary  data.  The 
logging  ol  core  or  cuttings  consists  of  recording  the  amount  of  material  recovered  for  the 
lengths  ol  hole  drilled  and  the  location  and  type  of  rock,  structures,  attitudes  of  rock 
formations,  location  and  abundance  ol  fractures,  faults,  and  veins,  rock  alteration,  and  ore 
and  gangue  minerals  cut  in  each  drill  hole.  Written  and  graphic  representations  of  the  data 
are  prepared  and  projected  between  holes  to  gain  a  picture  of  the  subsurface  geology  and 
the  distribution  of  minerals  associated  with  ore. 

Core  or  cuttings  suspected  to  have  values  are  split,  one-half  being  retained  for  further 
examination  if  necessary  and  one-half  being  sent  to  the  assayer.  Assays  are  plotted  on  the 
drill  records.  If  ore  is  encountered,  reserve  and  grade  estimates  are  calculated  and  plotted  on 

maps  and  sections  through  the  drill  holes.  These  estimates  are  revised  as  new  data  are 
received. 

In  some  types  of  mineral  exploration  (e.g.,  for  evaporites  and  uranium)  probe 
instruments  are  lowered  down  the  holes  after  they  are  drilled  and  a  record  of  electrical 
and/or  radiometric  response  of  the  various  formations  encountered  in  the  holes  is  made 
Ihese  data  augment  information  about  the  types  of  formations  and  evidence  of 
mineralization  previously  obtained  from  core  or  cuttings. 

The  evaluation  of  data  is  a  continuing  process  applied  to  every  step  of  the  exploration 
process.  Work  continues  so  long  as  the  risk  of  failure  is  progressively  reduced.  Once  the 
existence  of  a  mineral  deposit  of  current  or  potential  value  is  demonstrated,  the  project  is 
normally  turned  over  to  the  mining  personnel.  These  conduct  bulk  sampling  (through  shaft 
sinking  or  other  excavations),  metallurgical  testing,  and  feasibility  studies  of  various  mining 

methods.  These  people  make  the  mine.  They  decide  when,  how,  and  sometimes  if  the 
deposit  should  and/or  can  be  mined. 

Some  mineral  deposits  may  not  meet  the  requirements  of  an  orebody  for  a  particular 
irm  after  a  thorough  evaluation  is  made,  and  the  property  is  then  either  reluctantly 
dropped  or  sold  to  another  company,  if  it  fits  that  company’s  criteria.  The  common 
parameters,  which  vary  from  company  to  company  are  size,  anticipated  mine  life,  and  rate 
ol  return  on  investment.  The  Battle  Mountain  (Nevada)  and  Sierrita  (Arizona)  disseminated 
copper  deposits  were  discovered  and  subsequently  examined  by  the  American  Smelting  and 
Refining  Company  and  Bear  Creek  Mining  Company,  respectively.  The  managements  of 
those  companies,  however,  relinquished  their  interests  in  the  properties  as  unsuitable  for 
mining.  The  Duval  Corporation  acquired  both  properties  and,  after  further  exploration 
development,  and  evaluation,  considered  them  as  suitable  for  mining. 

4.  Exploration  Entities 

Figures  13  through  17  illustrate  the  general  organization  of  the  exploration  group  and 
its  position  in  a  mining  company  today.  This  organization  varies  in  detail  from  company  to 
company  depending  on  the  size  and  objectives  of  the  company  and  internal  organizational 
requirements.  The  exploration  group  may  have  its  own  research,  geophysical,  geochemical 
an  land  departments  or  it  may  depend  partly  to  completely  on  independent  service 
organizations  for  these  functions.  These  supporting  departments  may  be  organized  at  the 
district  level  in  some  companies,  while  in  others  they  are  under  home  office  control,  being 
dispatched  to  individual  districts  and  projects  as  needed. 

The  demands  of  exploration  have  become  so  heavy  that  most  new  geologists  now  start 
their  careers  in  actual  exploration  with  little  or  no  prior  practical  experience  at  operating 
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Fig.  13  -  Typical  exploration  organization  in  a  minerals-producing  firm. 


i-iy.  /  -  exploration  organization  of  a 


nnnft 


299 


Fig.  15  -  Exploration  organization  of  a  large  non-ferrous  metals  producer  combining  both  domestic  and 
foreign  exp! ora  don  ac  ti vities. 
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Fig.  16  -  Exploration  oroanizmtmn  nf  a  ms*ir*r  - - *  _ - 


u> 
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Fig.  17  -  Exploration  organization  of  a  major  minerals  producer  seeking  both  non-metallic  and  metallic 
mineral  deposits. 


i 


,^'nior  (Present  . Iand  men  are  often  geologists  or  engineers  who  have  had  experience  in 
xplorution  and  mining,  enabling  them  to  spot  and  solve  technical  problems  related  to  land 
acquisition  more  readily  than  the  person  without  a  technical  bacteround  Often  the  and 

“hlalTnV heeoC°mPany’S  le8al  St3ff  Wha*  steps  “>  -tt  more  famil  a  w, 
the  I  wve  s  o  whnr  “"^"ces  of  various  acquisition  terms  and  land  laws  than 
y  s,  to  whom  mining  law  is  but  a  part  of  their  duties  to  the  com  sany 

mavthnl?rat'?n  P°!1Cy  ls,usual|y  dictated  by  the  home  office  and,  for  any  one  organization 
Wh  ch  can  beV  profitabl  ‘°  ^d  °h  ‘W°  commodities  or  delude  any  mineral  commodity 

a  ye1dr,alter  Bef  Creek  dropped  it,  and  is  now  preparing  it  for  production 
home  officeSin'CadvanP^rrat‘0n  T”**  °"  Sp6cific  bud»ets  which  submitted  to  the 

5.  Exploration  Costs 

would  range  from  $300  000  to  $800  OOO^'*1™6  3nd  Wlth  moderate  to  heavy  travel, 

“”T-r  assas  *x  szg 

roughness  the  termin °,Ph"  ‘ "  “«*  COSts  d^"d  the  accessibility  and 

cost^of  forma|Ssu^eyingiCClalms^re*usuaIlyrsta^^  ^"^^^^f^ures^o^noHndude^he 

tortile  rsrs  ±  r  i35 

principle  of  higher ^  voln^iu^  ZZ  V'  “  daim  grouPs  d“e  <o  the  old 

of  different  types  of  exploration  costs  •  th*™  <rost-  ^htes  5  through  9  provide  examples 
weaUier  and  vegetation  adversely  ^  ' 

firms  are  subs“  a'nfquhe  triable'’ The'*5  ^  ^  mi“P™d‘'cing 

Projects  completed  in  the  United  States  in  the  perioTfrom  196?“, own  ttueW 
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Table  5 


MINERAL  EXPLORATION  COSTS 
SOUTHWESTERN  STATES,  1968 
(Exploration  Support) 


Office  Studies 


Air  Photos  -  Black  and  White 
Government  Stereo-coverage 

C  ontract  Stereo-coverage 
2,000  to  50,000  sq.  miles 
10  to  30  sq.  miles 
one  to  five  sq.  miles 


SO.  10  -  $0.40  per  sq.  mile 


$2  -  $8  per  sq.  mile 
$20  -  $40  per  sq.  mile 
$100-  $400  per  sq.  mile 


Air  Photos  -  Color  -  Add  30%  to  black  and  white  cost 


Photogeology  (add  to  cost  of  photos) 
Generalized 
Detail 

Photogrammetry  (including  cost  of  new  flying) 
15  to  25  sq.  mile  area 
scale,  1 : 1 2,000 
scale,  1:4,800 

Reproduction 
Black  line  prints 
Sepia  prints 
Film  prints 
Enlargements 


$2  -  $6  per  sq.  mile 
$8  -  $30  per  sq.  mile 


$100-  $200  per  sq.  mile 
$200  -  $300  per  sq.  mile 


$0. 1 0  -  $0. 1 5  per  sq.  foot  of  print 
$0.20  -  $0.50  per  sq.  foot  of  print 
$  1 .00  -  $  1 .50  per  sq.  foot  of  print 
$2  -  $5  per  sq.  foot  of  print 


Laboratory 

Geochemical  trace  analysis 
(4  elements) 

X-Ray  diffraction  mineralogy 
X-Ray  Fluorescence  analysis 
Semi-quantitative  spectrography 
Assays  (including  preparation) 
Single  element 
Cu-Pb-Zn 

Thin  section  preparation 
Polished  section  preparation 
Thin  section  petrologic  study 


$3  -  $5  per  sample 

$9  -  $27  per  sample 
$4  -  $8  per  sample 
$12-  $30  per  sample 

$2  -  $7  per  sample 
$4  -  $7  per  sample 
$2  -  $4  per  sample 
$4  -  $6  per  sample 
$15-  $20  per  sample 


Source:  W.C  .  Peters,  from  paper,  l'he  Economics  of  Mineral  Exploration. 


303 


Table  6 


MINERAL  EXPLORATION  COSTS 
SOUTHWESTERN  STATES,  1968 
(Regional  Reconnaissance) 

Manpower 


Base  Salaries 

Junior  Geologist 

Senior  Geologist 

$700  -  $900  per  month 
$900  -  $  1 ,500  per  month 

Overhead  and  Fringe  Benefits 

25%  -  50%  additional 

Generalized  Planning  Cost 

$60  -  $90  per  man-day 

Field  Geology 

Reconnaissance  Mapping 

Simple  Terrain 

Complex  Terrain 

(Scale,  1 : 1 2,000  and  smaller) 

$20  -  $40  per  sq.  mile 
$30  -  $80  per  sq.  mile 

Detail  Mapping 

Prospect  Areas 

Mining  Districts 

(Scale,  1 : 1 2,000  and  Scale,  1 :4,800) 
up  to  $  1 0,000  per  sq.  mile 
up  to  $20,000  per  sq.  mile 

Transportation 

4-wheel  drive  vehicle 

$200  -  $300  per  month 

Pickup  truck 

plus  $0. 10  per  mile 
$  1 20  -  $  1 50  per  month 

Small  fixed  wing  aircraft 

Small  helicopter 

plus  $0.08  per  mile 
$30  -  $60  per  hour 
$90 -$130  per  hour 

with  3  or  4  hours  minimum  per  day 

Field  Expenses 

Generalized  per  man 

Camp  per  man 

$  1 2  -  $  1 5  per  day 
$7  -  $  10  per  day 

Source:  W.C.  Peters,  op.  cit. 
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Table  7 


MINERAL  EXPLORATION  COSTS 
SOUTHWESTERN  STATES,  1968 
(Target  Area  Examination) 


Geochemistry 

Field  sample  collection,  general 
Field  sample  collection 

500-toot  intervals,  rock  or  soil 
Reconnaissance,  stream  sediment 

Geophysics  (Acquisition  and  Preliminary  Data  Interpretations) 


Airborne  (Fixed  Wing) 


Radiometric 

Magnetic 

Electromagnetic 

EM  plus  magnetic 

$3  -  $  10  per  line  mile 
$5  -  $20  per  line  mile 
$  1 0  -  $20  per  line  mile 
$20  -  $30  per  line  mile 

Airborne  (Helicopter) 

Magnetic 

EM  plus  magnetic 

$20  -  $30  per  line  mile 
$30  -  $50  per  line  mile 

Ground 

Radiometric 

Magnetic 

Detail 

Road,  continuous 

Road,  reconnaissance  station 

Off-road,  reconnaissance 

$  1 5  -  $55  per  line  mile 

$40  -  $85  per  line  mile 
$3  -  $  1 0  per  line  mile 
$5  -  $20  per  line  mile 
$  1 0  -  $40  per  line  mile 

Gravity 

$  1 50  -  $300  per  line  mile 

Induced  polarization 

Reconnaissance 

Detail 

Overall  average 

$  1 50  -  $300  per  line  mile 
$700  -  $  1 000  per  line  mile 
$500  per  line  mile 

Electromagnetic 

Reconnaissance 

Detail 

$70  -  $  1  50  per  line  mile 
$300  -  $500  per  line  mile 

Self-potential 

$50  -  $  1 40  per  line  mile 

Shallow  seismic 

$200  -  $500  per  line  mile 

Borehole 

Base  charge 

I.P.  plus  S.P.  logging 

$0.06  -  $0.10  per  foot 
$0.20  -  $0.60  per  foot 

$2  -  $5  per  sample 

$150-  $300  per  sq.  mile 
$20  -  $40  per  sq.  mile 


About  25  percent  of  the  geophysical  costs  represent  mobilization,  transportation,  and  field 
camp  expenses. 

Source:  W.C.  Peters,  op.  cit. 
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Table  8 


mineral  exploration  costs 

50 WESTERN  STATES,  1968 
(Pre-Evaluation  Protection) 


I. 


L“rnuments  and  recordat‘°n 


Time 


Cost 


4-man  crew 


2. 


Monumenting  of  claim 

end  centers 


corners  and 


1 0  days 


$3,500  (wages,  expenses, 
supervision) 


2-man  crew 


3.  Location  work 


By  core  drilling,  2-rigs,  25-holes 


30  days 


$2,500  (wages,  expenses, 
supervision) 


65  days 


$30,000  (drilling, 
supplies,  drill  sites,  and 
roads) 


Total  Cost: 
Cost  per  claim: 


Costs  for  a  250-claim 
rough  terrain. 


group  staked  without  formal 

i 


$36,000 

$144 

surveying  in  Arizona,  in  moderately 


Source:  E.  Wisser  and  Associates 
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Tlible  9 


MINERAL  EXPLORATION  COSTS 
SOUTHWESTERN  STATES,  1968 
(Deposit  Evaluation) 


Exploration  Drilling 


Hammer  drill  to  1000  feet 
Rotary  non-coring 


$3  -  $5  per  foot 


to  1 000  feet 
to  3000  feet 


$2  -  $4  per  foot 
$3  -  $10  per  foot 


Diamond  coring  (NX  to  BX) 


to  1000  feet 
to  3000  feet 


$6  -  $10  per  foot 
$10  -  $20  per  foot 


An  additional  10  percent  to  20  percent  of  the  drilling  costs  represent  mobilization, 
moving,  and  site  preparation.  Appreciable  cementing,  reaming,  casing,  standby  time,  and 
water  haul  may  add  another  30  percent  to  100  percent  to  the  cost  per  foot. 

Drilling  projects  with  limited  footage  (less  than  3000  feet)  are  generally  more  costly  and 
run  from  $15  to  $30  per  foot,  including  mobilization  and  moving  time  from  one  hole  to 
another. 

Access  Roads  and  Trenches 

Access  roads  of  several  miles  or  more 


Flat  to  gentle  terrain 
Moderate  terrain 
Rugged  terrain 


$800  -  $2500  per  mile 
$2500  -  $5000  per  mile 
$5000  -  $7000  per  mile 


Trenching  services 

Bulldozer  with  ripper 


$150-  $250  per  day 
plus  $  1  5  -  $20  per 
hour  for  transport  time 


Underground  Exploration  Workings 


Exploration  shaft  to  500  feet 
Surface  installation 
Shaft  sinking 
Station  cutting 
Drifting,  crosscutting,  raising 


$100,000-  $300,000 
$300  -  $600  per  foot 
$20,000-  $30,000 
$70  -  $1 50  per  foot 


Source:  W.C.  Peters,  op.  cit. 
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Table  10 


REPRESENTATIVE  MINERAL  EXPLORATION 
IN  THE  UNITED  STATES,  1947-1968 
(Developed  Properties) 


COSTS 


Successful 
Project 
(ranked  by 
total  cost) 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Commodity 

Sought 


Cost  of 
Target  Area 
Examination3 


Cost  of 
Deposit 
Evaluation^ 

$3,918,000 

1,134,000 

650,000 

600,000 

600,000 

508,000 

350,000 

421,000 

342,400 

382,000 

310,000 

200,000 

50,000 

150,000 

200,000 

150,000 

50,000 

100,000 

90.200 
62,500 
50,000 
60,000 
50,000 

41.200 
26,000 
25,000 
28,000 
16,000 

5,000 


Uranium 

Lead 

Lead 

Phosphate 

Copper 

Copper 

Lead 

Copper 

Iron 

“Metal” 

“Metal” 

Phosphate 

“Industrial  mineral” 

Phosphate 

Uranium 

Phosphate 

Salt 

Potash 

Iron 

Iron 

Uranium 

Sand 

Clay 

Limestone 

Uranium 

Beryllium 

Uranium 

Uranium 

Barite 

Lead 


$650,000 

350,000 

300,000 

100,000 

150,000 

40,000 


85,000 
175,000 
75,000 
10,000 
50,000 
120,000 
50,000 
31,700 
30,000 
30,000 
10,000 
10,000 
10,000 
5,000 
5,000 
0  ’ 
0 

10,000 

10,000 


dCost  from  selection  of  target  area  to  determination  of  target  deposit. 

bCost  from  selection  of  target  deposit  to  confirmation  of  its  status  as  an  orebody 


cDoes  not  include  those  deposit  evaluation 


costs  aggregated  with 


mine  development 


Total 

Exploration 

Costc 


$4,568,000 
1,134,000+ 
1,000,000 
900,000 
700,000 
508,000+ 
500,000 
421,000+ 
382,400 
382,000+ 
310,000+ 
285,000 
225,000 
225,000 
210,000 
200,000 
170,000 
150,000 
121,900 
92,500 
80,000 
70,000  ft* 
60,000 
51,200 
3 1 ,000  $ 

30,000 
28,000 
16,000 
15,000 
10,000+ 


costs. 


Source  of  Data:  Survey  conducted  by  the  Division 

University  of  Arizona. 


of  Economic  and 


Business  Research,  The 
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in ^ fh pC a m FangJ  exPIorati°n  costs.  During  this  period,  total  expenditures  involved 

property)  To  toTfiSO  nonVf  ^  ^  Vir*Ua“y  n°thing  (f°r  3  Sma"  Uranium 

mnnn  Z  t$6 '50,0°0  (for  a  large  uranium  property).  The  median  cost  was  about 

$32,000.  The  cost  of  specific  deposit  evaluation  extended  from  a  low  of  $16,000  (for  a 

Zt:~U2P5°000  tO  3  h,gh  °f  $X9  mi"i0n  (f°r  a  large  uranium  de»°si‘>  wi"’  *he 

These  figures  do  not  present  the  entire  picture,  however.  These  costs  do  not  include  the 
expenses  of  regional  reconnaissance  that  are  not  allocatable  to  a  specific  project,  nor  do 
they  include  the  costs  involved  in  continued  exploration  carried  on  throughout  the  actual 
development  and  production  stages  of  mineral  resource  utilization.  Perhaps  even  more 
significantly,  these  costs  do  not  include  amounts  spent  on  unsuccessful  projects,  on  the 
examination  of  target  areas  and  projects  that  were  subsequently  rejected  by  the  exploring 
firm.  Similarly,  they  do  not  include  those  costs  incurred  in  exploring  useable  mineral 
properties  by  firms  or  individuals  other  than  those  that  finally  developed  them. 

i  i  u  CuSt  °*  examinin§  unusable  mineral  deposits  has  also  been  high,  as  shown  in  Table 

w  ic  l  contains  a  representative  list  of  the  most  promising  prospects  tested  and 
subsequently  rejected  by  firms  seeking  minerals  in  the  United  States  during  the  period  from 

.  t0  ,he  costs  inv°lved  in  such  work  ranged  from  less  than  $4,000  (for  a  small 

uranium  prospect)  to  $900,000  (for  a  large  industrial  minerals  prospect).  The  median 
amount  was  about  $140,000.  These,  as  noted,  were  Only  for  the  most  promising  targets 
examined  and  do  not  include  the  costs  involved  in  examining  numerous  less  encouraging 
prospects  that  were  subsequently  rejected. 

A  study  of  five  minerals  firms  operating  in  the  Southwestern  United  States  in  1966 
slowed  that  they  spent  nearly  $2.7  million  in  examining  352  target  areas  and  testing  23 
specific  deposits  of  which  two  were  considered  prospects  for  mine  development  37  The 
success  ratio  of  two  useable  mineral  deposits  in  more  than  350  specific  area  examinations  is 
not  unusual  in  the  record  of  minerals  exploration  achievement  in  the  United  States.  While 

3  e(?Uuite  C*ata  °-n  ^ie  re,at've  successes  and  failures  of  minerals  exploration  activities  are  not 
available  in  sutficient  quantity  to  provide  a  completely  accurate  picture  of  the  degree  of 
risk  involved  in  nonfuel  minerals  exploration,  the  amount  of  uncertainty  is  known  to  be 
iigh.  the  estimated  ratio  of  uncertainty  to  expected  profit  provides  an  expenditure  limit  at 
a  particular  stage  in  each  exploration  project.  In  essence,  the  justifiable  cost  of  exploration 

varies  directly  with  the  anticipated  value  of  the  discovery  and  inversely  with  the  odds 
against  making  the  discovery. 

Uncertainty  may  be  primarily  a  matter  of  geology,  political  surroundings,  technology,  or 
marketing.  All  of  these  will  also  be  operating  within  the  framework  of  competition  for 
mineral  land  and  tor  financing.  In  deciding  whether  to  continue,  expand,  or  abandon  an 
exploration  project,  a  numerical  expression  for  uncertainty  can  be  established  on  a 
probabilistic  basis,  but  it  is  only  an  approximation,  and  the  guidelines  for  such 
approximations  are  experience  and  judgement.  The  allocation  of  one  particular  figure  to 
uncertainty  demands  the  simplification  of  a  complex  array  of  risks  and  objectives.  In 
addition  to  the  clean-cut  aspect  of  completely  missing  the  objective,  there  are  different 
levels  ot  risk  dealing  with  each  part  of  the  objective.  There  may  be,  for  example,  a  certain 
level  ot  risk  involving  the  grade  of  the  expected  orebody,  another  involving  the  tonnage,  and 
still  another  dealing  with  the  anticipated  cost  of  mining.  There  is  also  the  exhilarating 
chance  ot  finding  a  much  more  profitable  orebody  than  expected. 

In  a  tew  instances,  the  relationship  of  an  expected  orebody  to  its  geologic  control  is  so 
well-known  that  a  structural  projection  and  a  few  drill  holes  will  provide  enough 
information  to  fix  the  geologic  risk.  Such  is  the  case  in  the  Witwatersrand  of  South  Africa, 
where  statistical  analysis  has  been  particularly  successful  in  establishing  ore  reserves.  In  most 
instances,  however,  geologic  conditions  are  so  complex,  and  the  continuity  of  orebodies  so 
conjectural,  that  geology  provides  the  largest  element  of  uncertainty  in  an  exploration 
program.  Geologic  uncertainty  is,  however,  expecially  sensitive  to  analysis  and  must  be 
reconsidered  in  detail  with  each  new  bit  of  information. 
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Table  1 1 


Unsuccessful 


REPRESENTATIVE  MINERAL  EXPLORATION  COSTS 
IN  THE  UNITED  STATES,  1947-1968 
(Rejected  Properties) 

Cost  of 
Deposit 
Evaluation^ 


Toject  (ranked 

Cost  of  Target 

by  total  cost) 

Examination3 

1 

$  50,000 

2 

446,900 

3 

25,000 

4 

50,000 

5 

100,000 

6 

_ 

7 

- 

8 

200,000 

9 

50,000 

10 

100,000 

1 1 

-  , 

12 

50,000 

13 

- 

14 

68,000 

15 

100,000 

16 

50,000 

17 

4,50Q 

18 

5,000 

19 

4,500 

20 

25,000 

21 

1,500 

22 

9,000 

23 

5,000 

24 

94,000 

25 

17,000 

26 

10,000 

27 

6,000 

28 

16,000 

29 

5,000 

30 

2,500 

31 

17,800 

32 

26,000 

33 

20,000 

34 

25,000 

35 

36 

10,000 

37 

14,000 

38 

3,000 

39 

10,000 

40 

5,000 

41 

3,200 

42 

2,600 

$850,000 
439,900 
570,000 
500,000 
400,000 
428,000 
31  1,000 
100,000 
250,000 
191,300 
279,000 
200,000 
243,000 
134,500 
100,000 
150,000 
182,000 
155,000 
154,000 
120,000 
139,000 
128,000 
123,000 
6,000 
75,000 
60,000 
60,000 
45,000 
48,400 
47,100 
24,700 
14,000 
20,000 
10,000 
30,000 
10,000 
6,000 
16,600 
5,000 
5,000 
2,600 
1,200 


* 

j*Cost  from  selection  of  target  area  to  determination  of  target  deposit. 

C  ost  from  selection  of  target  deposit  to  rejection  as  a  suitable  prospect. 
cDoes  not  include  regional  reconnaissance  costs. 

Source  of  Data:  Survey  conducted  by  the  Division  of  Economic  and  Business 

Research,  The  University  of  Arizona. 


Total 

Exploration 

Costc 

$900,000 
886,800 
595,000 
550,000 
500,000 
428,000+ 
3 1 1 ,000+ 
300,000 
300,000 
291,300 
279,000+ 
250,000 
243,000+ 

202.500 
200,000 
200,000 

186.500 
160,000 

158.500 
145,000 
140,000 
137,000 
128,000 
100,000 

92,000 

70,000 

66,000 

61,000 

53,400 

49.600 

42.500 
40,000 
40,000 
35,000 
30,000+ 
20,000 
20,000 

19.600 
15,000 
10,000 

5.800 

3.800 
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Political  uncertainty,  including  the  dangers  of  excessive  taxation  or  royalties  and 
extreme  restrictions  with  a  change  in  government,  works  in  the  same  manner  as  geologic 
risk  Even  in  the  most  stable  of  governmental  successions,  the  possibility  of  a  new  political 
attitude  within  three  or  four  years  will  have  a  bearing  upon  exploration  objectives.  The 
arter  Commission,  a  recent  Canadian  taxation  study  group  whose  recommendations  were 
unfavorable  to  the  mining  industry,  caused  a  noticeable  postponement  of  exploration  and 
development  plans  in  Canada  until  the  unfavorable  features  of  the  study  were  clearly 
rejected  by  the  government  and  the  major  political  parties. 

A  high  degree  of  uncertainty,  political  or  otherwise,  favors  the  high  unit  value 
exploration  target.  It  precludes  the  development  of  a  large-scale  mine  with  a  long  payout 
period  and  a  large  pre-production  investment.  The  payout  method  of  gauging  the 
attractiveness  of  an  investment  does  not  reflect  the  real  long-term  profitability  of  a  venture, 
but  the  requirement  for  a  short  payout  period  does  reflect  the  level  of  economic 
uncertainty.  In  recent  years,  accelerating  inflation  has  placed  such  an  element  of  uncertainty 

upon  the  actual  value  of  future  profits  that  the  payout  period  is  in  considerable  use  as  an 
index  for  investment. 

Technological  uncertainties  in  a  proposed  mining  operation  have  a  direct  bearing  on 
exploration  budgeting.  Suspected  problems  in  mine  development,  beneficiation  or  rock 
stability  control  must  be  investigated  at  an  early  stage  in  the  exploration  effort  in  order  to 

y  the  exPense  ol  outlining  an  orebody  which  demands  large-scale  or  deep  mining. 
Underground  exploratory  workings  and  metallurgical  test  shipments  may  be  required  before 
reaching  a  decision  to  risk  a  major  capital  investment.  Safford  and  Twin  Buttes  in  Arizona, 
me  Point  and  Endako  in  Western  Canada,  and  Questa,  New  Mexico,  provide  examples  of 
extensive  underground  exploratory  work  performed  in  order  to  quantify  technologic 
uncertainties. 

Marketing  of  the  product  involves  uncertainties  in  future  metal  and  mineral  prices. 
Clanging  market  specifications,  and  loss  of  markets  to  competitors.  A  mine  plant  designed 
tor  profitable  operation  only  at  full  capacity  is  especially  vulnerable.  The  aspect  of  market 
uncertainty  is  just  as  critical  in  exploration  decision-making  as  is  the  aspect  of  technological 
uncertainty.  A  lowering  of  the  market  price  or  the  closing  of  a  custom  smelter  can  wipe  out 
a  mine  with  a  marginal  grade  of  ore  just  as  certainly  as  a  unforeseen  now  of  water. 

Quantification  of  expected  profit  is  based  upon  some  of  the  same  factors  as  those  on  the 
risk  side  of  the  profit/risk  ratio.  The  size,  position,  and  grade  of  an  expected  orebody  are 
geologic  matters  which  often  involve  a  comparison  between  the  anomaly  or  occurrence  at 
hand  and  the  characteristics  of  already  known  orebodies.  Taxation,  capital  requirements, 
the  margin  of  profit  needed,  and  the  market  price  are  economic  factors  which  also  involve 
comparison  with  established  operations.  An  exploration  target  in  an  uninvestigated  geologic 
area  or  in  a  newly  established  economic  environment  has  a  high  level  of  uncertainty  and 
requires  a  wide  spread  in  profit  estimates. 

The  expected  profit  is  essentially  the  present  value  of  the  total  prof  it  to  be  received  over 
the  expected  life  of  an  orebody.  Since  much  of  the  total  profit  represents  income  to  be 
received  ten  or  twenty  years  hence,  the  time  value  of  money  is  a  major  consideration,  and 
present  value  calculations  are  frequently  involved  in  exploration  and  development  decisions. 
The  use  of  a  present  value  calculation  in  establishing  profit  guidelines  for  exploration 
expenditures  has  an  obvious  shortcoming,  however.  An  exact  mathematical  expression  often¬ 
times  hides  the  inexact  nature  of  its  components.  “Garbage  in,  garbage  out”  is  the  computer 
scientist’s  axiom,  and  the  expression  is  particularly  applicable  in  minerals  exploration.  The 
present  value  formulae  are  predicted  upon  a  thorough  knowledge  of  the  conditions  to  be 
encountered.  This  situation  is  most  nearly  approached  in  a  developed  mine  and  is  most 
remote  in  a  regional  exploration  effort.  In  the  current  era  of  inflation,  maximization  of  the 
rate  of  return  on  alternative  investments  is  likely  to  take  precedence  over  the  longer  term 
present  value  consideration.  In  any  event,  a  projection  of  costs  and  market  prices  over  a 
20-year  period  requires  broad  assumptions.  Some  organizations,  in  fact,  use  the  total 
expected  profit  from  an  orebody  at  today’s  costs  and  markets,  rather  than  a  present  value 
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value  aT^fe”  °thers  calcula‘e  Present 

subsequent  discount  for  risk  is  not  compounded.  3  8  "Sk  fate’  80  that  thc 

riskorun9ertahityPvalues.lAtatprosD1^erly  co!l1Pared  ,)y  ,he  unqualified  use  of  profit  and 

from  low-grade  orebodies,  one  drill  holeTn^oVight be  e'5'™/  T'th  ,appreciable  Production 
an  orebody  with  a  value  of  say  $400  000  expected  *°  lead  to  the  discovery  of 

with  a  recent  high^rade  discove^  Chance^  of m'ght  in  3  'ittle  know"  area 
be  estimated  at  one  in  500-but  the  target  could  i  8  fe  an  exPloratlon  program  could 
Under  present  methods  of  calculation  fhe  ™  “  6Xpected  value  of  $10  million, 

would  be  $20,000,  but  the  relia bil  ly  of  he  c^lcuLboP  °rat!|0 u  f°r  either  Prospect 
exploration  effort  would  be  considerably  different  basis  f°r  launchinS  a" 

of  the  same  drawbacks  a^e  're'peated^use "^°deIS  ln  exploration  strategy  contains  many 
objective  is  unique  and  each  strategy  is  valid  onlv  ^n  “  exP|oration  techniques.  Each 
opportunities  and  barriers  must  be  deal  I  whh  iXa  MnC.pace  and  one  time-  Unexpected 
provide  for  information  gained  iifthe  weed  no  ",dual'y;  Matllematical  exploration  models 
generally  have  not  been  able  to  quanbfv  fhl  8  *3r8e‘S  during  a  Project,  but  they 

earlier  unsuccessful  projects.  In  this  sen,!e  the  n"d  geologic  insi8ht  gained  from 

in  a  probabilistic  expression  are  not  actually  complete  Tosses  Tl  '°  ^  balanced  a«ainst  gains 
be  classified  as  “research”  or,  better  yet  “savvv  ”  ll  f  —  V  haVC  a  Value  which  could 
ho  es  ,n  a  search  pattern  may  be  classified  at  various  leveU  oTJ  3"  COntext'  exPloratory  drill 

ut  there  is  also  an  indeterminate  addition  to  geologic  and  i*  , ccess  *n  a  statistical  analysis, 
each  completed  drill  hole.  geologic  and  technologic  experience  made  by 

6.  Exploration  Land  Requirements 

s  -  t . *-  — .i» 

of  and  and  natural  resources  in  a  giv^n  area  as  iZr  f eJ'‘,on-  Tl,e  “'>igl>est-order”  use 
include  a  suitable  provision  for  minine  and  ’  interPrefed  by  the  government,  may  not 

a  bulk  low-grade  deposit  suited  only  to  the  lowest  cosTn^'"8'  Exploration  expenditures  for 

10  a"area  W'"'  comPe«ng  urban,  recTeationa!,  or Tther  P“  mm'n8  m3y  We"  be  wasted 

deposit  being  soTighf  Exploration  groups  prefer  to  acquhe^'ff"  °”  ‘I'®  SiZe  and  type  of 

areas'  contain  ”  ^  P^cS 

another  target  in  the  vicinity  ofTe  onelnS  Zted^n  eXpl°rati°"  may  lead  to 
aimed  at  covering  all  of  the  area  of  notenti^  ,  nit?  ,and  ac(Juisiti°n  is  therefore 

facilities  as  well  as  an  allowance  Tor  miscalculation  minera  lzatlon  P'-s  room  for  extraction 

al,d  di^l:™,,T“^,:Is,Z^e,:Vident  (l,at  la"d  are  unnecessary 
exploration  programs'!  m’  fac,  j!ave  b"en  desig  ned  Ter"'5,  Pr°hibit  “ch  — >■  Some 
potential  ore  areas,  rather  than  trying  to  pick  the  snecif.V 1™' ‘etSUCCfsive  bl°eks  of  land  as 
are  used  in  very  large  mineralized  areas  wife  re  selection  of ,!  ge  ,ln  advance-  These  programs 
One  to  fifteen  square  miles  may  be  initially  staked  0ptlmum  (arSe(  is  difficult, 
large  mineralized  areas  suspected  to  contain  .  dki^  am?/or  acquired  by  other  means  in 
potash,  borate,  sodium  carbonate)  graved  Evaporite  (eg 

smaller  or  larger  areas  of  land.  ’  ’  llmestone-  and  Phosphate  prospects  may  require 

land  were  acquired  ini toMy ^Tnd^Ve x n  Ion!  0  o  "'C  deposit’  approximately  200,000  acres  of 
the  best  possibilities  for  ore,’  the  land  field w  ' or traCked  and  'browed  down 
tract  amounted  to  1 5,000  acres  gradually  reduced  until  the  final  exploration 

Two  or  20  claims  (approximately  40  to  400  acres)  may  suffice  for  smaller  target  areas 
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such  as  a  precious  metal  vein,  replacement,  or  placer  deposit.  However,  most  metal  mines 
require  more  than  40  acres  for  their  facilities  and  potential  mineral-bearing  ground  under 
exploration  adjacent  to  their  operations. 

A  representative  sample  of  successful  exploration  projects  completed  in  the  United 
States  since  1947  (see  Table  12)  indicates  an  extremely  wide  range  of  areas  involved  in 
exp  oration  activity.  Some  uranium  prospects  required  only  a  few  acres  of  land  while 
exploration  for  some  large  industrial  minerals  deposits  covered  millions  of  acres  with 
detailed  target  examination  and  deposit  evaluation  extending  over  thousands  of  acres.  The 
median  area  involved  in  reconnaissance  was  10,000  acres  while  the  median  amount  of  land 
used  tor  target  area  examination  and  deposit  evaluation  was  1 ,000  acres.  The  median  area 

over  the  useable  mineral  deposit  was  500  acres,  although  the  arithmetic  mean  of  such  areas 
was  nearly  4,000  acres. 


A  significant  portion  of  the  area  involved  in  minerals  exploration  in  the  United  States  is 
and  has  been  on  public  lands.  A  survey  of  firms  actively  engaged  in  domestic  nonfuel 
minerals  exploration  in  1968  revealed  that,  since  1947,  approximately  one-fourth  of  the 
land  acquired  for  detailed  target  examination  has  been  obtained  by  direct  staking  on  federal 
lands.  For  some  firms  the  proportion  has  run  as  high  as  65  percent  while  for  others  it  has 
been  as  low  as  two  percent.  The  median  firm  had  acquired  about  20  percent  of  its  target 
areas  by  direct  location  on  federal  land.  A  slightly  higher  amount  (25  percent)  has  been 
acquired  by  obtaining  leases  with  options  to  buy  either  patented  or  unpatented  claims  A 
total  ot  about  1  5  percent  has  been  acquired  under  lease. 


7.  Time  Intervals  in  Exploration 


Time  has  also  been  an  important  dimension  in  minerals  exploration,  and  one  that  has 
een  directly  related  to  spatial  requirements.  The  reconnaissance  phase  of  exploration 
normally  requires  from  one  to  1  2  months  or  more.  This  is  dependent  upon  the  size  and 
complexity  oi  the  region,  the  data  available,  and  the  type  and  number  of  target  areas 
envisioned  or  sought.  Generally,  several  regions  are  studied  at  once,  off  and  on,  and  the 
oltice  studies  are  interspersed  with  physical  reconnaissance  of  the  different  regions  and  with 
specific  property  examinations.  In  the  field  work  portion,  areas  may  be  selected  for 
generalized  geologic  mapping  with  the  testing  of  portions  of  the  areas  made  by  geochemical 
sampling  and/or  geophysical  methods.  This  may  take  from  a  few  days  to  several  months  or  a 
year,  depending  upon  the  man-power  available,  the  size  and  complexity  of  the  area,  its 
accessibility,  and  climate.  On  the  average,  one  to  three  months  is  used. 

Land  acquisition  may  precede  or  succeed  the  previous  reconnaissance  phase,  depending 
on  the  ownership  situation  and  degree  of  interest  in  the  area.  If  claims  are  staked,  the 
location  monuments  may  be  constructed  in  a  week’s  to  a  month’s  time.  Construction  of  the 
other  monuments  (corner,  end-center)  is  necessarily  done  within  90  days.  If  the  terrain  is 
rugged  and/or  pre-existing  claims  are  present,  subsequent  surveying  to  adjust  the  claim 
boundaries  for  rectilinearity  and  provide  a  precise  map  of  the  land  situation  may  take  six 
months  or  more  and  will  rarely  take  less  than  one  month.  Negotiations  for  permits,  options, 
or  leases  may  be  short  or  drag  out  for  longer  than  a  year.  The  application  for  a  prospector’s 

permit  trom  tederal  or  state  agencies  frequently  involves  a  month’s  time  and  can  be  delayed 
for  several  months. 

Acquisition  of  property  by  any  of  the  methods  other  than  direct  staking  has  in  practice 
involved  at  least  a  month’s  time.  Negotiations  with  the  small  operator  or  prospector  are 
frequently,  it  not  usually,  less  time-consuming  than  those  with  other  companies  or 
syndicates.  The  small  opera  tor/prospector  is  normally  familiar  with  the  time  and  cost 
involved  in  exploration.  Syndicates  (groups  of  people  who  combine  their  finances  to  take  a 
flier  at  the  mining  game),  particularly  those  unfamiliar  to  mining,  are  often  the  most 

difficult  with  which  to  negotiate.  Terms  demanded  are  likely  to  be  excessive  and  completely 
unrealistic. 

One  syndicate,  for  example,  demanded  a  $40,000  initial  payment  on  a  potential  mining 
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Table  12 


SPATIAL  REQUIREMENTS  IN  MINERALS  EXPLORATION 
IN  THE  UNITED  STATES,  1947-1968 


Total  Area 

Total  Area 

Used  for 

Extent  of  the 

Successful 

Commodity 

Involved  in 

Detailed 

Developed 

Project 

Sought 

Reconnaissance 

Exploration 

Mineral  Deposit 

(ranked  by  extent 

(acres) 

(acres) 

(acres) 

of  deposit) 

1 

Salt 

. 

128,000 

50,000 

2 

Clay 

500,000 

50,000 

24,000 

3 

Potash 

2,048,000 

1,280 

16,000 

4 

Phosphate 

64,000 

32,000 

15,000 

5 

“Industrial  minerals” 

250,000 

32,000 

10,000 

6 

Phosphate 

16,000 

1,280 

8,000 

7 

Phosphate 

3,840 

0 

8,000 

8 

Gypsum 

640,000 

64,000 

2,560 

9 

Iron 

102,000 

1,580 

1,580 

10 

Gypsum 

256,000 

1,280 

1,280 

1 1 

Gypsum 

64,000 

640 

1,200 

12 

Phosphate 

3,000,000 

20,000 

1,000 

13 

Lead 

50,000 

5,000 

800 

14 

Beryllium 

3,000 

1,200 

800 

1 5 

Iron 

121,000 

5,100 

600 

16 

Copper 

1,600 

800 

600 

17 

Salt 

40,000,000 

14,000 

500 

18 

Lead 

960,000 

25,000 

500 

19 

Lead 

20,000 

1,000 

500 

20 

Copper 

4,000 

500 

500 

21 

Lead 

10,000 

4,000 

400 

22 

Gypsum 

3,200 

100 

400 

23 

Sand 

90,000 

1,000 

300 

24 

Copper 

500 

200 

150 

25 

Copper 

5,000 

500 

100 

26 

Silver-copper 

NA 

800 

100 

27 

Barite 

1,000,000 

2,000 

80 

28 

Uranium 

5,120 

320 

80 

29 

Gold-silver 

NA 

1,550 

80 

30 

Uranium 

150 

100 

80 

31 

Copper 

500 

75 

60 

32 

Limestone 

2,500 

46 

46 

33 

Uranium 

6,000 

3,200 

20 

34 

Uranium 

5,000 

40 

5 

35  • 

Iron 

1,900 

90 

4 

36 

Uranium 

60 

45 

4 

37 

Uranium 

3 

3 

4 

38 

Uranium 

10,000 

6 

2 

39 

Uranium 

5,000 

40 

1 

Source:  Survey  conducted  by  the  Division  of  Economic  and  Business  Research, 

The  University  of 

Arizona. 
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Table  13 


NORMAL  LAND  AREAS  IN  MINERALS  UTILIZATION 
IN  THE  UNITED  STATES,  1968 


Type  of  Deposit 

Area  of 
Mineralization 
(square  miles) 

Disseminated  (copper, 
molybdenum,  gold 
silver 

5  to  20 

Flat-lying  beds 
(phosphate,  trona) 

100  to  1000+ 

Inclined  beds 
(phosphate,  trona) 

100  to  1000+ 

Vein  (copper,  lead, 
zinc,  silver,  gold) 

1  to  20 

Sand  and  gravel 

1/2  to  100 

Bedded  replacement 
(copper,  lead,  zinc) 

1  to  5a 

Area  Covering 
Orebody 
(square  miles) 

Area  Required  for 
Mining  Facilities, 
Tailings  Ponds, 
Dumps 
(square  miles) 

1/2  to  2 

2  to  5 

1  to  100 

1  to  5 

1  to  100 

1  to  3 

1/10  to  1 

1/4  to  2 

1/10  to  5 

1/4  to  5 

1/10  to  1 

1/10  to  1 

Excluding  very  large  Missouri  lead  and  zinc  districts. 


Source  of  Data:  E.  Wisser  &  Associates 


property  (having  no  proven  orebodles)  in  California,  followed  by  more  than  double  that 
amount  at  the  end  of  six  months,  and  $4.5  million  at  the  end  of  a  year’s  time.  After  six 
months  of  attempted  negotiations,  that  property  was  rejected  by  the  originally  interested 
mining  firm.  In  another  case,  a  small  company,  subsidiary  of  a  major  oil  company,  offered 
its  mine  for  a  price  in  excess  of  $500,000  cash  payment.  There  were  no  proven  ore  reserves, 
and  existing  ore  estimates  of  this  company  were  made  by  guess.  After  negotiations  lasting 
for  more  than  three  months,  the  company  acknowledged  that  it  might  concede  30  days’ 
time  to  check  reserves.  As  the  time  was  inadequate  to  do  the  job,  the  property  was  rejected 
by  the  intended  purchaser.  In  contrast,  a  small  miner-prospector  was  approached  for 
negotiations  on  his  property,  part  of  a  major  d  sseminated  copper  target  area  in  Southern 
Arizona.  Negotiations  were  initiated  and  finalizeG  in  an  evening’s  time. 

Geologically  simple  target  areas  may  require  a  few  days  to  a  few  weeks  of  study  for 
target  selection.  Geologically  complex  target  areas,  typical  of  metallic  mineral  deposits,  may 
require  six  months  or  longer,  as  mapping,  geochemical,  and  geophysical  work  are  done  in 
detail.  Actual  examination  of  the  exploration  target  area  may  take  from  one  month 
(unsuccessful)  to  three  years  (successful,  or  continued  encouragement).  Access  roads  and 
drill  sites  must  be  constructed  and  sources  of  water  supply  determined.  If  the  terrain  is 
rugged  or  underground  drill  sites  involving  lengthy  excavation  (long  cross-cuts  or  drifts,  for 
example)  must  be  prepared,  this  phase  may  last  as  long  as  a  year,  particularly  if  many  drill 

sites  are  to  be  constructed.  Generally  speaking,  however,  30  to  90  days  is  sufficient  for  most 
projects. 

Drilling  is  usually  taken  in  three  steps.  Initial  testing  of  the  target  may  consist  of  one  to 
five  holes  and  require  one  to  six  months.  If  the  initial  data  are  encouraging,  additional 
drilling  to  track  ore  mineral  indications  and/or  to  outline  the  general  extent  of  ore 
mineralization  is  done.  This  may  take  six  months  to  three  years,  but  usually  does  not  exceed 

12  to  18  months.  The  third  step,  actual  evaluation  of  the  mineral  deposit,  may  take  an 
additional  6  to  18  months. 

The  duration  of  exploration  projects  varies  considerably  with  the  amount  of  drilling 
done.  More  than  ten  holes  were  drilled  on  the  Mission  disseminated  copper  deposit  south  of 
Tucson,  Arizona,  before  Asarco  got  a  significant  ore  mineral  intercept.  More  than  1 10  holes 
were  drilled  before  they  were  sure  they  had  an  orebody.  Exploration  for  the  Sierrita 
orebody,  farther  south,  by  the  Bear  Creek  Mining  Company  lasted  three  years,  during  which 
time  1 09  holes  were  drilled,  and  after  which  the  property  was  rejected. 

Under  ideal  conditions,  target  area  examination  and  detailed  deposit  evaluation  could  be 
done  in  one  to  two  years  for  a  successful  exploration  project.  Most  nonfuel  minerals 
exploration  projects  are  unsuccessful,  however,  and  last  from  six  months  to  a  year  before 
being  abandoned.  From  a  regional  standpoint,  companies  may  conduct  exploration 
programs  for  many  years  before  finding  an  orebody.  Texas  Gulf  Sulfur,  for  example,  spent 
ten  years  exploring  in  Canada  before  discovering  their  Timmins  deposit.  Bear  Creek  Mining 
Company  has  been  exploring  the  Western  United  States  for  an  even  longer  period  and  has 
yet  to  evaluate  a  major  deposit  favorably. 

As  shown  by  a  survey  of  active  mining  firms  made  in  1968  (see  Table  14),  the  total  time 
required  in  exploration  on  successful  projects  developed  since  1947  has  ranged  from  about 
three  months  (for  a  small  uranium  property)  to  as  long  as  30  years  (for  a  gold-silver 
property).  The  median  time  involved,  however,  has  been  three  years. 
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Table  14 


REPRESENTATIVE  TIME  INTERVALS  INVOLVED  IN  MINERALS 
EXPLORATION  IN  THE  UNITED  STATES,  1947-1968 


Successful 
Project 
(ranked  by 
length  of  time) 


Commodity 

Sought 


Time  for 
Target  Area 
Examination3 
(months) 


Time  for 
Deposit 
Evaluation^ 
(months) 


Total 

Exploration 

Timec 

(months) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 


Gold-Silver 

Lead 

Uranium 

Copper 

Molybdenum 

Copper-Silver 

Lead 

Salt 

Phosphate 

Phosphate 

Lead 

Limestone 

Iron 

Gypsum 

Uranium 

Iron 

Copper 

Copper 

Copper 

Clay 

Lead 

Gypsum 

Gypsum 

Potash 

Metal 

Molybdenum 

Uranium 

Copper-Zinc 

Gypsum 

Metal 

Salt 

Phosphate 

Beryllium 

Uranium 

Barite 

Phosphate 

Iron 

Copper 

Uranium 

Metal 

Metal 


240 

60 

12 

48 

36 

72 

36 

12 

36 

36 

24 

28 

24 

36 

12 

27 


12 

12 

24 

24 

24 

18 

12 

12 

6 

24 

24 

6 

12 

6 

12 

12 

6 

5 

12 

8 

6 
6 


120 

84 

120 

60 

60 

12 

36 

60 

24 

24 

30 

24 

24 

12 

36 

21 

36 

36 

36 

24 

24 

12 

12 

12 

12 

24 

18 

24 

6 

6 

24 

12 

12 

6 

6 

12 

12 

3 

6 

6 

6 


360 

144 

132 

128 

96 

84 

72 

72 

60 

60 

54 

52 

48 

48 

48 

48 

36+ 

36+ 

36+ 

36 

36 

36 

36 

36 

36 

36 

30 

30 

30 

30 

30 

24 

18 

18 

18 

18 

17 

15 

14 

12 

12 


(Continued  on  following  page) 
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42 

Industrial  Minerals 

6 

43 

Sand 

6 

44 

Copper 

0 

45 

Uranium 

2 

46 

Uranium 

47 

Uranium 

6 

6 

11 

8 

4 

3 


12 

12 

11 

10 

4+ 

3+ 


aTime  from  selection  of  target  area  to  determination  of  target  deposit. 

^Time  from  selection  of  target  deposit  to  confirmation  of  its  status  as  an  orebody. 
CD°es  not  include  that  deposit  evaluation  time  aggregated  with  mine  development  time. 


Source  of  Data:  Survey  conducted  by  the  Division  of  Economic  and  Business  Research 

The  University  of  Arizona. 
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F.  CHANGES  EXPECTED  BY  1985 


1 .  Changing  Objectives  and  Methods 

The  total  amount  of  land  available  for  minerals  exploration  has  been  decreasing  as  a 
result  of  urbanization  and  other  development  and  federal  withdrawals.  The  total  will 
probably  continue  to  decrease.  Nevertheless,  demand  for  mineral  products  by  a  more 
industrialized  society  has  been  and  is  increasing.  Mining  firms  are  being  forced,  therefore,  to 
look  not  only  for  mineral  deposits  which  have  near-term  possibilities  of  becoming  orebodies 
but  also  for  those  deposits  which  could  become  orebodies  under  the  proper  economic  and 
technologic  conditions  at  some  longer-term  future  date. 

In  the  next  two  decades,  increasing  attention  will  undoubtedly  be  directed  toward 
exploration  for  mineral  deposits  not  now  of  any  great  economic  value,  such  as  many  of 
those  containing  rare  earth  metals.  As  uses  and  demand  are  developed  for  these  mineral 
products  or  are  foreseen  by  industry,  exploration  will  be  directed  toward  the  discovery  of 
potentially  economic  deposits  of  such  minerals.  For  example,  nickel  was  in  small  demand 
after  World  War  1,  but  technologic  and  economic  research  by  the  Canadian  nickel  mining 
companies  developed  uses  and  demand  to  the  extent  that  nickel  is  today  an  essential 
component  ol  many  steel  alloys  of  wide  usage,  such  as  stainless  steel. 

The  increasing  demand  tor  mineral  commodities,  requiring  more  intensive  exploration 
ettorts,  should  cause  more  and  more  companies  to  raise  their  exploration  organizations  to 
divisional  or  complete  subsidiary  company  status.  Foreign-based  units  operating  as 
subsidiary  companies  will  probably  increase  in  number,  if  restrictions  by  foreign  countries 
on  American  investment  are  not  drastically  raised.  Many  areas  of  the  world  outside  of  the 
United  States  contain  many  more  geologically  promising  areas  for  potential  mineral  deposits 
ol  higher  grade  than  those  currently  know  to  exist  in  the  United  States. 

The  organization  ot  exploration  divisions  will  probably  become  more  complex  and 
diversified  as  companies  broaden  their  product  bases  to  include  a  number  of  different 
mineral  commodities  in  an  attempt  to  become  less  dependent  upon  cyclical  changes  in 
demand  for  any  one  commodity.  Many  firms  have  already  done  this  and  may  be  expected  to 
continue.  Kennecott  Copper,  in  addition  to  its  recent  attempt  at  diversification  into  coal, 
also  has  new  lead  deposits  in  Missouri.  American  Metals  Climax  owns  lead  and  potash  as  well 
as  molybdenum  and  uranium  mines.  Anaconda  produces,  in  addition  to  copper,  aluminum 
and  uranium  and  has  recently  discovered  a  large  nickel  deposit  in  Australia.  Asarco  produces 
lead,  zinc,  silver,  and  copper.  Duval  Corporation  has  gone  from  the  production  of  sulfur  and 
potash  to  a  significant  number  of  non-ferrous  metals  as  well.38 

With  such  diversification  will  come  expanded  needs  for  more  supporting  staff  research  in 
basic  geology,  regional  geologic  analysis,  geophysics,  geochemistry,  statistical  analysis,  and 
future  trends  in  demand  for  different  commodities.  All  of  these  will  be  expanded  and 
probably  formalized  in  specific  units  within  the  exploration  groups,  both  at  the 
headquarters  and  regional  levels.  Bear  C'reek  Mining  Company  (a  Kennecott  subsidiary)  has 
had  a  statistical  analysis  group  for  eight  years.  Newmont  Mining  Corporation  recently  added 
a  computer  team  to  aid  in  the  economic  evaluation  of  mineral  deposits.  Many  other 
companies  are  considering,  or  have  begun,  the  use  of  computers  and  statistical  analysis  in 
exploration  work. 

Exploration  in  the  future  will  rely  even  more  heavily  on  geology  to  project,  from  known 
data,  favorable  areas  and  environments  for  economic  mineral  deposits.  The  use  of 
geophysics  and  geochemistry  should  also  expand  both  in  regional  reconnaissance  work  and 
in  the  examination  of  specific  target  areas.  Greater  use  will  undoubtedly  be  made  of  aerial 
photography  for  mapping  and  regional  geologic  analysis. 

Drilling,  as  well  as  surface  and  underground  excavations,  will  continue  to  be  necessary  to 
evaluate  the  mineral  content  and  extent  of  mineral  deposits.  If  more  laws  are  changed  to 
allow  drilling  instead  of  surface  excavations  to  validate  claims,  there  should  be  a  marked 
decrease  in  the  number  of  trenches  and  pits  dug  merely  to  satisfy  location  work 
requirements  and  a  corresponding  increase  in  the  amount  of  useful  drilling. 
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In  the  future,  minerals  exploration  will  be  based  more  on  indirect  evidence  of  the 
potential  existence  of  economic  mineral  deposits  as  opposed  to  direct  evidence  from  surface 
or  underground  exposures.  For  example,  leached  outcrops  are  even  now  generally  examined 
for  evidence  of  base  metal  ore  minerals  whose  occurrence  may  then  be  predicted  in 
unleached  rock  below  the  surface.  If  the  outcrops  contain  little  or  no  evidence  of  having  had 
ore  minerals  at  one  time,  the  area  may  now  be  rejected  for  further  exploration.  Alteration 
minerals,  however,  commonly  occur  as  a  halo  extending  beyond  the  limits  of  deposition  of 
the  ore  minerals  in  many  deposits.  Thus,  the  absence  of  ore  minerals  at  or  near  the  surface 
is  not  necessarily  a  negative  indication.  Consequently  the  trend  in  exploration  is  moving 
more  toward  consideration  of  areas  which  show  evidence  of  minerals  which  could  be 
associated  with  ore  at  depth,  and  to  areas  in  which  rock  type  and  structure  are  conducive  to 
mineral  deposits,  but  where  direct  evidence  for  them  is  not  exposed. 

A  recent  example  of  the  use  of  geological  theory  is  the  Kalamazoo  disseminated  copper 
orebody,  recently  discovered  after  testing  of  the  geologic  hypothesis  that  faulting  had' 
displaced,  rather  than  limited,  a  part  of  the  nearby  San  Manuel  orebody.  The  area  overlying 
the  Kalamazoo  orebody  is  partly  covered  with  rock  formations  deposited  after  the  ore  had 
been  deposited,  and  there  is  little  in  the  way  of  surface  exposures  to  indicate  the  presence  of 
this  orebody  other  than  weak  rock  alteration  and  sparse  iron  oxides.  Examples  of 
completely  hidden  orebodies  are  found  along  the  Viburnum  Trend  in  Southeast  Missouri, 
where  deposits  of  lead  sulfide  are  overlain  by  more  than  a  thousand  feet  of  barren 
sediments.  Only  geologic  theory  originally  indicated  the  presence  of  the  Viburnumdeposits. 

With  further  successful  efforts  such  as  those  which  yielded  the  Kalamazoo  and  the 
Viburnum  deposits,  more  and  more  emphasis  will  be  placed  on  locating  theoretically 
favorable  areas,  supporting  and/or  confirming  their  favorability  by  geophysical  and 
geochemical  surveys  where  applicable,  and  then  testing  them  by  drilling.  Many  of  these  areas 
will  be  partly  to  completely  lacking  in  existing  surface  exposures  indicative  of  the  presence 
of  mineralization.  Many  of  these  will  be  areas  now  classified  as  “not  mineralized.” 

Despite  increased  exploration  in  new  areas,  old,  abandoned  mining  districts  will 
continue  to  be  combed  over,  analyzed,  and  subjected  to  renewed  exploration  on  targets 
determined  by  the  development  of  new  information  and  concepts  of  ore  occurrence.  This  is 
being  done  even  now,  and  has  been  for  some  time.  For  example,  until  a  few  years  ago, 
mining  in  the  Silverton-Telluride  area  in  the  San  Juan  Mountains  of  Southwestern  Colorado 
was  confined  to  veins  in  volcanic  rocks.  Recent  exploration  disclosed  that  ore  occurred  in 
and  adjacent  to  veins  which  extended  downward  into  the  underlying  older  sedimentary 
rocks.  New  orebodies  were  found  and  will  probably  continue  to  be  found  as  exploration 
efforts  further  test  this  hypothetical  potential  for  ore  adjacent  to  other  vein  structures  that 
extend  down  into  these  older  rocks. 

Prior  to  the  discovery  of  the  Pima  copper  mineral  deposit  in  the  Twin  Buttes  mining 
district  south  of  Tucson,  Arizona,  the  district  had  been  considered  mined  out.  Since  the 
discovery  in  the  early  1950’s,  four  major  new  disseminated  copper  orebodies  (Esperanza, 
Mission,  Sierrita,  and  Twin  Buttes)  have  been  found  and  are  either  in  production  or  are 
being  developed  for  production.  All  of  this  has  occurred  in  the  last  15  years,  and  similar 
events  may  be  expected  in  the  next  1 5  years. 

At  present,  preliminary  studies  are  made  of  target  areas  to  see  if  they  are  large  enough  to 
contain  an  orebody  of  suitable  size  for  the  company  involved,  and  if  the  geologic  and 
topographic  environments  are  suitable  for  envisioned  mining  methods.  Different  firms  have 
different  requirements  as  to  the  size,  type,  and  grade  of  orebody  they  are  willing  to  mine. 
These  requirements  reflect  the  degree  of  skill  and  flexibility  of  the  firm  and  its  ability  to 
handle  diverse  mining,  metallurgical,  and  marketing  problems  as  well  as  the  degree  of  risk 
which  the  company  is  willing  to  assume,  the  profit  return  which  it  requires,  and  the  amount 
of  capital  it  can  command. 

Some  of  the  largest  companies  are  willing  to  take  high  risks  on  low-potential  profit 
returns  while  others  of  the  same  size  are  ultr^-conservative.  Although  large  companies 
generally  consider  small  mineral  deposits  wasteful  of  their  time,  manpower,  and  financial 
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assets,  exceptions  do  exist.  Uranium  orebodies  are  generally  smaller  than  base  metal 
orebodies,  yet  Anaconda,  Phelps  Dodge,  New  Jersey  Zinc,  and  American  Metals  Climax  have 
all  found  it  profitable  to  be  in  the  uranium  business  as  well  as  in  base  metals.  Conversely, 
some  of  the  smaller  mining  companies  aim  their  exploration  at  very  large  deposits. 

Over  the  next  two  decades,  the  physical,  economic,  and  technical  factors  requisite  to 
defining  suitable  mineral  deposits  for  individual  firms  will  become  the  subject  of  more 
extensive  and  more  refined  study.  Mathematical  simulation  of  the  effects  of  different 
variables  on  the  suitability  of  target  areas  and  specific  mineral  deposits  is  expected  to  be 
developed  and  used  more  extensively  as  a  basis  for  management  decisions.  These  refined 
approaches,  made  feasible  by  the  use  of  computers,  may  also  come  into  use  by  local  and 
regional  exploration  offices  in  their  evaluation  of  deposits  and  target  areas  of  different 
mineral  commodities.  Nevertheless,  the  key  to  successful  exploration  will  contnue  to  be 
accurate  interpretation  of  all  the  data  available. 

Various  sources  of  data  may  not  only  supply  computers  to  calculate  ore  reserves  but 
also  to  analyze  the  evidence  of  mineralization  and  project  the  direction  in  which  further 
exploration  should  proceed.  Statistical  analyses,  too  lengthy  to  be  done  manually  within 
any  reasonable  time,  can  he  programmed  into  a  computer  and  the  results  gotten  in  a  few 
minutes’  time.  The  interpretation  of  geophysical  and  geochemical  data  will  become 
increasingly  dependent  upon  the  use  of  computers  as  they  permit  the  weighting  of  different 
factors  affecting  interpretation  to  be  analyzed  rapidly  and  concurrently. 

2.  New  Exploration  Techniques 

Advances  in  the  use  of  sensory  exploration  tools,  including  infra-red  photography, 
radioactive  detection,  and  the  various  other  geophysical  methods  now  in  use,  may  be 
expected  by  1985.  Completely  new  methods  and  equipment  may  also  be  devised. 

Certain  types  of  metal  deposits  are  produced  by  events  and  features  which  are  associated 
with  large  amounts  of  heat.  Although  produced  millions  of  years  ago,  such  bodies  may  still 
be  cooling  today  and  the  remaining  flow  of  heat  may  be  measurable.  No  reports  have  been 
made  of  the  discovery  of  orebodies  by  thermal  measurement  methods,  but  they  are 
assuming  greater  importance  as  the  possibilities  of  hyperaltitude  measurements  from 
satellites  become  real.  Considerable  research,  however,  will  be  necessary  to  evaluate  these 
methods  and  their  ultimate  usefulness. 

All  rock  and  soil  formations  are  radioactive  to  some  extent  because  they  contain  minute 
quantities  of  elements  that  are  radioactive.  Some  formations  are  characteristically  more 
radioactive  than  others.  Acid  igneous  rocks,  particularly  volcanics,  are  usually  more 
radioactive  than  either  basic  rocks,  sandstone,  limestone,  or  salt  formations.  Using  airborne 
detection  equipment,  petroleum  and  uranium  exploration  teams  have  been  able  to  outline 
areas  and  rock  types  favorable  for  exploration.  Airborne  radiometric  work  has  also  been 
useful  in  broad  regional  mapping  of  different  rock  types. 

Recent  research  has  been  directed  to  the  development  of  equipment  which  can 
distinguish  different  types  of  radioactivity  that  are  characteristic  of  certain  elements.  It 
seems  likely  that  airborne  methods  will  be  developed  to  distinguish  areas  of  rock  rich  or 
deficient  in  various  types  of  radioactive  elements.  Thorium,  for  example,  is  a  radioactive 
element  of  considerably  less  current  economic  importance  than  uranium.  The  distinction  of 
thorium-bearing  areas  from  uranium-bearing  areas  by  airborne  radiometry  would  be  of  great 
value  in  exploration.  Certain  minerals  preferentially  trap  certain  radioactive  elements. 
Fluorite  not  uncommonly  contains  small  amounts  of  uranium,  and  a  uranium-specific 
radiation  detector  could  help  locate  fluorite  deposits  as  well  as  those  of  uranium. 

A  term  that  was  apparently  born  with  the  Space  Age,  remote  sensing,  refers  to 
measurements  made  of  the  earth  by  a  sensor  mounted  or  carried  at  a  distance  from  the 
object  measured  In  a  real  sense,  many  geophysical  methods  described  above  are  remote 
sensing  methods,  particularly  those  that  are  airborne.  The  term,  however,  is  now  more 
specifically  applied  to  certain  methods  of  measuring  the  properties  of  the  earth  from  very 
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high  flying  aircraft  or  orbiting  spacecraft.  Many  of  the  extremely  remote  sensing  methods 
now  in  use  are  the  result  of  research  by  the  defense  and  aerospace  establishments,  but  they 
offer  significant  possibilities  as  techniques  useful  for  mineral  exploration.  Although  these 
methods  and  their  applications  are  in  infancy  in  terms  of  development,  a  major  program  of 
research  is  presently  being  carried  out  by  NASA  and  other  government  agencies  to  assess 
their  use  in  an  Earth  Resources  Survey  Program  (EROS). 

Remote  sensing  techniques  measure  a  property  of  the  earth’s  surface,  or  in  a  few 
instances,  an  unknown  but  probably  slight  thickness  of  the  upper  surface.  Among  the 
properties  measured  are  color  or  tone,  properties  related  to  thermal  conductivity  or  heat 
constants,  ultra-violet  reflectivity,  and  the  response  of  surface  materials  and  forms  to  radar. 
All  of  the  measurements  may  be  carried  out  from  aircraft  at  very  high  altitudes  or  from 
orbiting  spacecraft. 

Historically,  the  first  remote  sensing  results  were  probably  those  of  black  and  white 
photography  from  aircraft.  This  technique  must  certainly  stand  as  one  of  the  most  valuable 
aids  to  geological  exploration  and  mapping  ever  devised.  Black  and  white  photography  is 
carried  out  on  an  extremely  wide  scale  today  and  is  used  the  world  over.  It  serves  as  the  base 
from  which  most  topographic  maps  are  now  prepared.  The  use  of  color-sensitive  films  was  a 
natural  corollary,  and  colored  aerial  photographs  are  extensively  used  today  in  exploration 
for  certain  types  of  mineral  deposits. 

The  advent  of  the  spacecraft  provided  a  new  and  spectacular  plateform  for 
photography,  and  some  of  the  first  photographs  to  draw  the  attention  of 
mineral  exploration  staffs  were  the  infra-red  photographs  taken  in  the  Viking 
Rocket  Program  in  1955.  These  photographs  looked  at  a  great  part  of  the  Southwest  and, 
for  the  first  time,  major  geological  features  were  observed.39  As  orbiting  spacecraft  became 
operational,  a  tremendous  amount  of  such  data  became  available.  Data  were  returned  from 
both  manned  (Mercury,  Gemini,  and  Apollo)  spacecraft  and  unmanned  (Tiros)  satellites. 
This  information  included  both  colored  photography  and  infra-red  images.  Airborne  radar 
(AR)  and  infra-red  imagery  developed  as  military  surveillance  tools,  but  the  results  have  also 
been  of  some  use  in  geological  mapping  and  minerals  exploration.  Commencing  with  the 
Mercury  Program,  hand-held  cameras  were  used  to  photograph  both  features  and  regions  of 
interest  on  the  earths  surface.413  These  photographs,  all  on  colored  film,  have  yielded  to 
study,  and  gross  geologic  features  have  been  identified  and  studied.  Published  results  of 
these  studies  have  underscored  the  significant  extent  to  which  the  photographs  may  be  used 
for  mapping  purposes.  Much,  however,  remains  to  be  determined  from  an  analysis  of  the 
colors  on  the  photographs  and  their  significance.4  1  Over  the  next  decade  it  can  be  expected 
that  such  analyses  will  be  made. 

Infra-red  emission  provides  more  information  on  rock  composition  than  is  obtained  on 
common  black  and  white  film.  As  all  substances  emit  infra-red  radiation,  they  can  be 
detected  by  a  sensor  and  an  image  constructed  of  these  emissive  characteristics.  Much  of  this 
information  may  be  related  to  rock  composition  or  to  rock  structure.  Geologic 
interpretation  of  infra-red  data  has  scarcely  begun  and  much  additional  work  is  necessary 
before  a  meaningful  evaluation  of  the  technique  can  be  made. 

Radar  images  taken  from  high-flying  aircraft  also  reveal  a  different  type  of  information 
than  that  seen  on  conventional  aerial  photographs.  A  system  mounted  in  an  aircraft  scans 
perpendicular  to  the  aircraft’s  direction  ot  travel  and  builds  an  image  that  reveals  a 
considerable  amount  of  structural  geologic  information.  An  assessment  of  the  method  has 
been  presented  by  Gillerman,4  ^  who  concluded  that  in  regions  of  volcanic  rocks,  the  high 
glass  content  of  those  rocks  enhanced  radar  wave  response.  An  assessment  of  the  method  as 
a  geologic  tool  to  solve  specific  problems  has  been  presented  by  Cooper,  43  who  was  able  to 
discern  and  map  hitherto  unrecognized  geologic  features  such  as  unknown  outcrops  of 
volcanic  rocks  and  a  buried  flood  plain. 

A  variety  of  other  remote  sensing  methods  have  been  proposed.44  Few  of  these, 
however,  have  been  tested  and  many  have  been  evolved  specifically  for  the  study  of 
atmosphere-free  objects  in  space.  There  are,  however,  many  of  these  methods  with  strong 
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f°.r  min"als  exPlorat>on  here  on  earth,  and  these  simply  await  testing.  If  economic 
and  political  conditions  are  favorable,  such  testing  will  undoubtedly  come  soon. 

exnloratfnn  l Lll  ge°p!lys'ca'  meth°ds  and  their  application  to  problems  of  minerals 
W?I  V  n|haS  aue'y  k6pt  abreast  of  the  deman*  Placed  on  them  during  the  past  25  years. 

nrosnectit  S;h  rrer’  f  C°ntro1  the  direCtion  and  ultimate  usefulness  of  such 
S  soZt"1  A„  “T  the  next  several  decades.  Foremost  is  the  nature  of  the  minerals 
h  ow  nH  i  examination  of  the  trend  of  mineable  grade  for  certain  metallic  ores  shows 

wel  m  ,  J  d  r  8radeS  3re  bemg  ex tracted  at  a  profit.  For  example,  in  1 935,  ore  grades 
well  in  excess  of  one  percent  copper  had  declined  to  around  0.8  percent  by  1955  The 

ex8ploraatioCnisthat'Sthretnd  infterm,?  °f  the  application  of  geophysical  methods  to  minerals 
exploration  is  that  the  type  of  rock  being  sought  now  and  that  will  be  sought  in  the  future  is 

un  th^'orehoHan0mauUS  “I.the  context  of  geophysical  response.  The  rock  types  that  make 
the  resnnnce  nfS  P00™  "g  more  lilt6  the  average  rocks  of  the  crust.  As  a  consequence, 
th!  ™  t  h  n  h  m'n!ra  deP°slts  to  measurement  will  more  closely  approximate  that  of 

thedpahsety  ^  PreSent  ^  “ g  °f  tba 

na..To,e»te,Chn'qUeS  °I  geocheimical  Prospecting  have  evolved  rapidly  in  this  country  over  the 
P  .  ny  years  and  are  still  in  a  state  of  evolution.  Based  upon  the  nature  of  the  method 
it  is  possible  to  make  some  predicitions  as  to  what  may  evolve  in  the  future.  As  with 
geophys'cal  methods,  the  tendency  in  geochemical  exploration  is  toward  sophistication  in 
the  analytical  treatment  of  the  data  obtained.  It  is  now  possible  to  rapidly  and  cheaply 
analyze  natural  materials  for  their  chemical  content.  The  major  problem  still  confronting 
the  use  of  newer  geochemical  method  is  that  of  data  interpretation.  This  problem  of 

interpretation  wdl  probably  be  approached  along  several  directions  of  continued  research 
over  the  next  two  decades. 

The  acquisition  ot  additional  data  on  a  region-wide  basis  will  become  increasingly 
necessary  to  gain  an  enhanced  understanding  of  the  distribution  of  trace  elements  under  all 
conditions  of  climate  and  soil  type.  This  approach  to  the  research  will  involve  a  major 
amount  ot  basic  field  work  and  analysis. 

Continued  and  expanded  use  of  the  computer  will  allow  a  greater  degree  of  flexibility  in 
in  erpreting  information.  At  the  present  time,  only  three  or  four  elements  are  studied  in  the 
great  preponderance  ot  prospecting  programs.  With  the  development  of  computer  programs 
to  accommodate  and  analyze  the  information,  it  will  probably  become  possible  to  examine 
a  great  number  of  potentially  useful  elements  and  ratios  that  are  not  now  studied  because  of 
the  weight  of  the  data  and  the  corresponding  inability  to  absorb  and  analyze  it. 

•  'f  1S  extl'eme|y  llke|y  that  methods  of  chemical  analysis  will  become  even  more 
simplified  and  routine  than  those  now  in  use.  There  is  some  evidence  of  this  even  now.  A 
held  instrument  that  can  make  a  nondestructive  analysis  for  certain  elements  exists  in  the 
form  of  a  portable  x-ray  fluorescent  analyzer.  Considerable  continued  development  is 
necessary  before  such  instruments  find  their  way  into  common  use,  but  the  prospects  for 
the  future  are  bright. 

Thus  continued  research  into  distribution  of  the  elements  in  natural  materials 
continued  research  into  means  of  data  interpretation,  and  the  continued  sophistication  of 
chemical  analytical  techniques  are  certain  to  contribute  to  future  geochemical  exploration. 
But  less  complex  and  less  sophisticated  techniques  will  also  remain  useful  in  the  future 
search  for  minerals.  The  miner’s  pan  has  been,  still  is,  and  will  probably  ^continue  to  be  an 
extremely  useful  tool  in  detecting  heavy  mineral  anomalies. 

As  valuable  mineral  deposits  become  harder  to  find,  even  though  exploration  methods 
ecome  more  sophisticated,  it  is  expected  that  the  time  involved  in  minerals  exploration  for 
any  one  deposit  will  lengthen.  As  larger,  disseminated  deposits  become  more  important  it  is 
also  likely  that  the  areas  involved  in  exploration  will  become  larger.  And  along  with 
everything  else,  the  cost  of  minerals  exploration  will  continue  to  rise. 
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Fig.  18  -  Diamond  drills  and  other  equipment  used  in  minerals  exploration  may  be  expected  to  continue 
to  increase  in  sophistication  and  cost  But  the  quality  of  information  obtained  ahou* 
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CHAPTER  8 

mineral  DEPOSIT  DEVELOPMENT 


mineral  Wh  tT^l  characteristics  of 

such  changes?  Have  any  such  rim  .  ‘  What  factors  have  influenced  any 

Whtch  might  he  projected  to  1985?  HgeS  1947  followed  discernible  trends 


1.  Components  of  Mine  Development 


that  attend  the  transforming  o^rminera/ deDoL001/ -°  be  aware  of  the  complexities 
Relieve  that  once  a  discovery  of  a  valnxhlf  *  ml,°,a  mine:  Rather’  many  people  appear 

tiferi16  freasi,re’  rece,ving  the  reward  for  the^inrT^  d.e,posit  is  niade>  miners  simply  gather 
there  are  several  complex  stages  in  the  rLt  ?  38  they  wouId  receive  a  gift  In  reali tv 
exploration  through  development  and  culmin^-  3  n?lning  enterprise.  These  proceed  from 
mineral  commodity ,  as  shown  in  Table  15  ®  “  the  producti™  and  sale  of  a  useable 

distinctive,  the  work°in  oTers^is^somef  °f  ^  St3geS  in  the  creation  of  a  mine  is  fairly 
involves  the  search  for  mineral  deposits  Tnd  ^  SmilIar  or  even  identical.  Exploration 
techniques  previously  described  ProhJhl  Utli llze  some  or  aii  of  the  tools  and 

determining  when  or  even  if  ^  die  b  bJy  the  greatest  problem  in  this  first  *t  nd 

»>  ft.  “  EvalualJon^hen 

ipgssEHiiMiiiS 

deposit  evaluation  like  . 

objective.s  arc  different,  The  objective  ofl^TeLr^0''’  inVolves  *■«*.  but  .he 
the  objective  of  evaluation  is  to  ascertain  .li  fk  J  7  1S  to  make  a  “discovery  ”  while 
should  be  delineated;  the  grade  of  the  .  bee"  d,scovered.  in  this  stage  the’deposit 

testing  and  subsequently  for  pilot  pllnt  test  ins  b?lk  samPles  ‘aken  for  laboratory' 

rock  determined.  At  each  stage  all  of  the  n  t  r’ 3  pbysical  ProPer'i«  of  the  ore  and 

answered  again  in  the  light*  of  new  and  btteTm  ft  ‘  ^  raiSed  ^oration 
afford  to  risk  the  very  much  larger  amount  f  ter  lnforir,atlon  before  the  “discoverer”  can 
Mine  development  is  the  preparation  of  ^  T?quA1Ted  for  mine  development. 

0rebody,  shafts  have  to  be  sunJk  to^each  th  3n  or^body  for  mining.  In  a  deeply  buried 
°ther  lacilities  have  to  be  installed  In  a  t  laulageways  have  to  be  driven  and  certain 

away  to  expose  ore,  be„“tt ^ 

construction,  actually  a  part  of  the  u  abljshed>  and  haulage  roads  established  Plant 

“ ...» „°sz£s;;zi'£  sir.  -i-sS 
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Table  15 


THE  CREATION  OF  A  MINE 


Stage 

1 .  Reconnaissance 

2.  Examination  and  Evaluation 

3.  Mine  Development 

4.  Plant  Construction 

5.  Initiating  Production 

6.  Production,  with  continuing  exploration  and 
development. 


Source:  Modified  after  Table  1  in  The  Making  of  a  Mine,  Circular  41,  by  John  E.  Allen 
New  Mexico  Bureau  of  Mines  and  Mineral  Resources,  1956. 

aThese  are  to  be  regarded  as  very  rough  approximations.  Costs  are  in  relative  units. 


deposit,  although  much  of  the  early  development  may  be  done  with  a  temporary  plant. 
Such  a  plant  is  seldom  of  sufficient  capacity  or  reliability,  however,  to  sustain  any 
appreciable  volume  of  production  on  a  continual  basis. 

Plant  facilities  normally  include  such  major  items  as  maintenance  and  repair  facilities, 
utilities  for  the  distribution  of  electricity,  water,  and  (often)  natural  gas,  warehouses  and 
storage  yards,  change  houses,  and  offices.  An  underground  mine  requires  a  substantial 
investment  in  ore  bins,  hoisting  facilities,  and  compressed  air  equipment.  All  but  the 
smallest  high-grade  operations  will  require  a  mill  and  concentrator  for  mineral  beneficiation. 
Large  operations,  both  open  pit  and  underground  mines,  frequently  require  the  construction 
of  a  spur  railroad  line  and  ore  loading  facilities. 

The  final  stage  in  the  creation  of  a  mine,  initial  production,  is  a  major  operation  in 
mining  because  much  of  the  equipment  is  custom-built  and  has  not  experienced  the  long 
debugging  history  that  the  usual  production  items  have.  Mining  equipment  systems  are  often 
unusual,  if  not  unique,  and  the  same  applies  to  the  many  variations  of  actual  mining 
methods  used.  Even  though  tons  of  bulk  samples  have  been  run  through  a  pilot  mill,  an 
initial  full-scale  mill  operation  invariably  experiences  many  problems  before  it  can  achieve 
full  production  at  its  designed  capacity. 

The  values  of  the  relative  cost  units  referred  to  in  Table  1 5  vary  considerably  with  the 
type  ot  mineral  deposit  and  the  scale  of  operation.  For  small,  high-grade  deposits  requiring 
no  milling  or  special  processing  before  marketing,  the  value  of  the  unit  may  be  as  low  as 
$5,000.  For  larger,  lower-grade  deposits,  a  unit  may  range  from  $10,000  to  $50,000  and, 
for  the  vast  porphyry  copper  and  molybdenum  deposits  and  for  some  of  the  bigger  iron 
deposits,  it  may  reach  one  million  dollars  or  more.45 

An  important  element  in  the  initial  cost  picture  is  the  abruptly  increasing  costs  that 
come  to  bear  in  the  development  and  plant  construction  stages  of  mine  creation.  This  points 
up  the  very  critical  need  to  do  rather  thoroughly  and  carefully  the  work  of  the  exploration 
stages.  Additional  money  spent  in  examination  and  evaluation  might  very  well  indicate  that 


Cost3 

Less  than  1  unit 
up  to  5  units 
30  units 
80  units 
7  units 


Time3 


1  to  20  years 


1/2  to  3  years 


2  to  5  years 
2  to  3  years 


1  to  6  months 
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slai^hrlvi^3^113!  and  itS  devel°P"'ent  should  be  abandoned  or  postponed.  At  this 
examinatln  staae  ' loZTT  *°  ^  l0S*  W°U'd  be  m“d‘  ^  cutting  corners  in  the 

t0  T°Tt:  "oTs  2. S  ^tTsTfo 

=:?=;^srr *  •  f~  more  «-  - 

cease  tliere  win  aiu?*  wi?ateveJL  p.01nt  In  tmie  ‘he  mam  work  of  initial  exploration  must 

sssisss!  ir.Sis ,i'  “t,"“i”n 

fdsHF 

s=s  sd  ~B£  aa^.TO52*K5s 

i”«“  "■>'■"■'  taw-*'  dSs« ?£  ;s?f',“bs“  b“S”  *'" 

2.  Types  of  Mine  Development 

Hktin!-)  undergro“nd  mining  (and  to  a  certain  extent  in  surface  mining)  there  are  two 
drivin^h^^^™6"^^^13”^  shaftTtatioliT 

s£S£r:"  oSoTOzrc 

routes  for  the  1^  0^  tZ  ,  n  ^  permanent  openin^  that  serve  as  major  supply 
„  ® \  th  !lfe  ofJthe  mine  and  Provide  access  to  the  orebody  as  a  whole  In  contrast 

secondary  or  stope  development  comprises  smaller  openings  such  as  raises  drifts  flnH 

cross-cuts,  that  usually  have  a  relatively  short  life  and  are  designed  to  provide  access  to 

Some  ari  P°  J°nS  °f  the  °rebody  from  which  mineral  is  being  removed ?at  any  one  time 
whole  Tt  °f  C°UrSre’  produced  durin8  development,  but  this  is  only  a  small  portion  of  the 
Wh-  Pnn’a,r^,  func*;lon  of  development  is  to  prepare  the  orebody  for  volume  mining 
W[llIe  a  great  deal  of  general  or  primary  mine  development  must  be  performed  before 
production  begins,  both  primary  development  and  secondary  stope  or  bench  development 

even  after  production  has  started.  This  is  necessary  because  aTtadK 
stopes  or  levels  become  mined  out,  new  ones  must  be  developed  to  Sain  a  deled 
production  rate.  Also,  from  a  capital  investment  standpoint  it  is  desimble  to  bit 

[nve^Hn”8  °apital  as  quickly  as  Possible  (i.e.,  commence  production  quickly)  rather  than 
vesting  vast  sums  to  complete  development  before  beginning  production  Even  more 

mTthodl’  ^6!  phHysical  realities  of  3  mineral  deposit  and  the  technical  realities  of  mining 
methods  simply  do  not  permit  the  complete  development  of  an  orebody  before  the 
commencement  of  production.  y  oeiore  the 

Development  in  surface  mining  involves  primarily  the  work  required  to  expose  the  ore 
and  make  “accessible  for  mining.  This  entails  the  initial  stripping  away  of part  of The 
non^ore  overburden  to  expose  a  sufficiently  large  expanse  of  ore  that  wOl  afford  enough 
workmg  room  to  permit  the  desired  ore  production.  The  amount  of  overburden  that  must 
removed  before  ores  can  be  produced  is  minimal  if  the  orebody  outcrops  or  is  exposed  at 
the  ground  surface.  On  the  other  hand,  if  the  top  of  the  orebody  is  significantly  below  the 

materials  ^  deVel°pment  can  entail  the  stripping  of  many  millions  of  tons  of  waste 
Just  as  underground  mine  development  requires  the  excavation  of  openings  on  one  or 


329 


more  levels,  so  also  in  surface  mining,  benches,  commonly  30  to  50  feet  in  height,  are 
excavated  in  order  to  carry  on  the  development  in  an  orderly  and  safe  manner.  The 
haulageway  or  main  ramp  either  spirals  or  switchbacks  up  the  slopes  of  the  pit  on  grades 
which  vary  depending  on  whether  rail  or  truck  haulage  is  used. 

Another  important  part  of  open  pit  development  is  the  preparation  and  construction 
of  dumps  for  the  disposition  of  was  :e  rock  resulting  from  overburden  removal  and 
beneficiation  processes.  Nearby  valleys,  canyons,  and  hillsides  are  usually  excellent  sites  for 
waste  storage,  but  if  none  of  these  features  are  available,  dumps  must  be  built  up,  sometimes 
to  heights  of  200  feet  or  more. 

Other  mining  methods,  e.g.,  placer  mining,  solution  mining  (including  the  Frasch 
process  mining  of  sulfur),  and  different  methods  of  beneficiation,  require  somewhat 
different  methods  of  development.  Nevertheless,  mine  development,  or  the  development  of 
a  mineral  deposit  for  mining,  basically  involves  the  exposure  by  one  means  or  another  of  the 
orebody  or  appropriate  parts  of  it,  in  a  manner  that  will  permit  the  subsequent  removal  of 
ore  material  in  volume.  Development  also  involves  the  installation  of  necessary  equipment 
and  facilities  to  be  used  in  the  removal  of  ore  from  the  earth. 
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for  »*  minin<>  of  *  '*5*  disseminated 
mineralogfcally  it  might  be  identica, 

“*»  methods  and  is  too  LJto  b^TyTJe'rgZnd^ZT  ”  *  * 


B.  DEVELOPMENT  METHODS  IN  THE  1800’s 

1.  Placer  Mine  Development 

It  would  be  an  oversimplification  to  say  that  the  year  1860  marked  a  noticeable  chance 
in  mining  methods  used  in  the  United  States.  That  there  was  a  change  in  emphasis  however 

“■""T*  .u0"1,3"  observation  in  the  Mi™nX  Scientific  Press  of  San  Francisco,  July  1 
1860  that  the  advance  to  date  of  mining  technology  had  been  in  three  stages.  First  there 
had  been  the  mining  of  placers  in  the  beds  of  rivers,  creeks,  and  gulches,  followed  by  the 

mining  of  leads  in  former  water  courses.  But  in  I860,  the  new  mining  had  become  that  of 
quartz  and  hard  rock. 

Yet  the  new  hard-rock  mining  was  still  in  its  infancy  as  far  as  the  United  States  was 
concerned  ana  it  was  to  remain  so  until  emigrants  of  one  kind  and  another,  and  especially 

nT'a  c.T  Tf  .T6  mining  techni(lues  °f  to  the  new  environment.  It  was  in 

the  United  States  that  the  most  startling  innovations  in  mining  were  to  take  place  but  even 

so,  placer  mining  still  occupied  much  attention  and  was  to  continue  to  do  so  as  long  as 
placers  were  to  be  found.  ’  * 

The  first  gold  placer  miners  reached  the  placer  sands  by  digging,  often  to  the  bedrock 
and  scooping  out  pits  which,  in  a  sense,  resembled  present  day  strip-mines  in  miniature.  This 
orm  of  development  involved  the  removal  of  a  tremendous  amount  of  useless  overburden. 
Sometimes  the  early  placer  miners  would  venture  to  undertake  “coyoting,”  i.e.  digging  a 
sha  t  down  to  the  gold-bearing  sands  and  then  drifting  outwards  into  the  deposit’ through  a 
series  of  tunnels  until  the  entire  operation  took  on  the  appearance  of  the  spokes  of  a  wheel 

1  i6  e?PerienCejn  timberin8  ^ese  shafts,  and  cave-ins  were  not  unusual! 

In  the  890  s  this  method  was  used  almost  entirely  in  the  Yukon,  for  it  was  warmer  than 

timberingP  aCenng’  ^  perma'frost  suPP<'Hed  ground  so  that  there  was  little  need  for 

Although  in  early  mining  the  gold  was  initially  extracted  from  the  sand  by  panning  a 
simple  hand  process,  the  later  introduction  of  methods  involving  sluices  required  the 
construction  of  some  rather  elaborate  systems  of  troughs  and  flumes  in  the  development  of 
placer  deposits.  In  1861  the  Mining  and  Scientific  Press  quoted  the  case  of  a  man  named 

ch  of  Indian  Hill  in  Sierra  County,  California,  who  possessed  more  than  2,000  feet  of 
rock  sluice  on  his  claims. 

Hydraulic  mining  was  the  technique  devised  to  tackle  the  alluvial  placer  deposits  in 
a  andoned  river  beds.  Its  methods  were  certainly  being  tried  out  as  early  as  1851  and  were 
to  continue  throughout  the  century  and  beyond.  In  developing  a  deposit  for  hydraulic 
mining,  the  miners  would  first  locate  a  promising  gravel  bank  and  then,  at  a  high  point 
construct  a  dam  across  the  nearest  stream.  The  head  of  water  thus  created  was  then 
transported  by  a  large  iron  pipe  down  to  the  foot  of  the  gravel  bed  and  ejected  at  the  gravel 
e  rough  a  nozzle,  sometimes  called  a  monitor,  but  more  often  a  giant.  The  backwash 
was  screened  and  channeled  through  a  natural  sluice  system,  cut  out  of  the  bedrock  or 
through  wooden  sluice  boxes. 

Placer  mining,  of  course,  demanded  a  tremendous  abundance  of  water.  In  developing 
placer  deposits,  new  and  more  elaborate  water-courses  had  to  be  constructed  to  meet  the 

M  Tk  TC  fiant?  and  other  ear>y  equipment.  Water  companies  were 
I  the  demand  tor  «*■  highly  specialized  work  and  proceeded  to  build  a 
network  ol  Humes  canals,  and  aqueducts  around  the  sides  of  mountains  and  over  gulches 
Not  always  were  the  relations  between  the  water  companies  and  the  miners  amicable  with 

outPsleVfrSwnnSTtly  °7  Wa,er  Charges'  T,,e  S,tUation  was  s'milar  hi  placer  districts 
a, ,  wIoLnl  r  "  reP°  ng  ?n  new  gold  P]acer  developments  in  Northern  Colorado 
■>00  fortune8!,  t  n%meermX  and  Mining  Journal  of  August  3,  I  895,  reported  that  about 
hunters  were  prospecting  and  surveying  the  area,  though  they  all  too  well 

one  mMlinn  Hon  "'T I  T’"'5',  the  Provision  for  wa'er>  for  “many  a  man  lias  to  spend 
one  million  dollars  on  ditches  alone  before  turning  a  single  wheel.” 
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2.  Underground  Mine  Development 

1 

But  it  was,  of  course,  in  the  development  of  hard-rock  mining  that  the  most  spectacular 

innovations  occurred  in  the  United  States  after  1860,  introducing  techniques  virtually 

unknown  ,n  the  West  but  of  ancient  stock  in  Europe.  These  new  methods  Ie7to  changes  in 

mining  laws  that  had  as  yet  only  taken  account  of  conditions  in  the  placer  fields  and 

dkro  madeq“ate  t0  cover  the  unknown  underground.  Based  on  the  general  belief  that  the 

”  °f  A  Tn  uW"nd  “  311  the  Way  d0wn  as  far  as  '*  went  int0  the  earth,  no  matter 
how  deep  and  broad,  the  early  mining  law  of  the  1860’s  elaborated  the  principle  that 

whoever  held  the  apex  held  all,  a  principle  that  led  to  endless  apex  litigation 

with  the  finding] n  I  S^q'r°-Ck  ‘°m  *  7  ,Western  United  States  is  traditionally  associated 

ith  the  finding  in  1859  oi  a  gold-quartz  lode  by  John  H.  Gregory  in  the  gulch  that  was 

named  after  him  near  Central  City,  Colorado,  and  with  the  discovery  of  the  Comstock  silver 

lode  of  Western  Nevada  in  the  same  year.  As  yet  there  was  no  real  natWe  skill  and 

expenence  in  the  American  West  that  knew  how  to  win  the  ore  from  the  ground  except  by 

e  antiquated  methods  of  the  Mexicans  who  had  settled  in  California  When  in  ^847 

CaaiTrma°rtheS  and,  C°mpa7  t00k  0Ver  the  New  Almade"  quicksilver  mine  near  San  lose 
California  the  underground  workings  consisted  only  of  an  adit  and  horizontal  entrance 

intoUthe\fmsidehwm,h  The  0re  was  mined  without  astern  through  tunnels  driven 

into  the  hillside  with  small  raises  or  winzes  that  followed  the  inclination  of  the  cinnabar 

occurrence  or  by  shallow  shafts  that  were  no  more  than  circular  holes”!,  the  Zund 

provided  with  notched  timbers  up  and  down  which  the  Mexicans  clambered  bringing  the 
ore  to  the  surface  on  their  backs  in  rawhide  baskets.  cringing  tne 

...  Tha(  ll>ere  was  a  need  for  information  on  the  best  way  to  sink  a  shaft  is  clear  from  the 
Mining  and  Scientific  Press  of  November  1 860,  for  it  published  two  articles  on  the  subject 
metal  mines,  it  was  observed,  shafts  were  rectangular  and  divided  generally  into  two 
por  ions  by  a  casing  ol  woodwork  which  separated  the  parts  where  the  buckets  for  hoisting 
he  ore  passed  up  and  down  from  that  in  which  the  pumps  were  placed  and  where  !he  men 
ascended  and  descended.  Several  modes  of  fixing  timbers  were  in  vogue  but  they  all  used 
he  same  principle:  the  wood  had  to  be  placed  to  oppose  the  direction  n  wh  ch  ae  e  was 
the  chief  pressure  or  threat.  Timbering,  therefore,  became  the  key  to  the  new  ZchnXv  o 

of  Nofember  3im?860nthby  ^  ^  °f  >  86,°’  aCCOTdin«  MiJngZJsct^et 
water  wheels  and  steam!  "°  ^  tha"  4°°  S3W  mi"S  in  Ca,ifornia  '"by  b°‘» 

Cornish  shafts  were  invariably  rectangular,  usually  measuring  ten  feet  by  eight  feet  and 
this  tended  to  become  standard  practice  in  the  Western  United  States.  The  principles  of 
at  sinking  remained  intrinsically  the  same  over  the  years,  but  the  methods  changed 
Sinking  in  rock  involved  drilling  by  hand,  using  a  single-jack  or  double-jack  blasting 
removing  the  broken  rock,  securing  the  collar  of  the  shaf/and  timbering  as  the  miners  went’ 

in  ^in^in8  S°U  ground>  however,  was  another  matter.  One  of  the  earliest  methods 

,Tn  ,  Hn,k1;8  3  W°?den  C3Sing  around  the  shaft  area  to  exclude  groundwater ^and 

c  nsohdated  material.  Another  was  to  sling  a  pump  in  the  shaft  and  to  lower  it  from  time 
time  as  the  sinking  continued,  a  water  wheel  being  used  to  make  water  expel  water  With 

!oencPr:?engcaiLonse  Td*  "“'1  ^  ^  38  7°^^’  ^el-pi-esInSs"'^ 

introduced  from  Germany,  idthis  “d*  of" mine  development^ ttdwet ground  21 
artificially  frozen  and  then  blasted  as  if  it  were  solid  rock.  8  d 

Alter  blasting  and  the  erection  of  doors  or  platforms  to  prevent  rock  from  falline  on  thp 
hmb  b  r°W’  7  ac7al  ‘,imberin8  °f  the  shaf»  was  undertaken.  The ^methodTed  oHocal 

rking  Somfnued  The°  sS,in  Califo™fa>  P*  ^king  *om  the  surface  downwards  L  the 
(known  as  crifahLT  nr  !  Wefres“urfd  IwnzontaUy,  either  close  together  in  heavy  ground 
LrpT  cnbbt”gJ  or  at  certain  distances  from  each  other  (called  open  sets).  The  latter 

ep  ver  icaliy  apart  by  posts  or  s fuddles  at  their  corners.  Between  the  sets  the  ground 
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SWeacurCe0dVetigh«lyy  *\infheS  to  SeCtio"'  ?la-d  »  and 

The  sizes  of  the  timbers  forming  thp  Pt  8  S  .nve  j  between  d'e  ground  and  the  lagging, 
the  nature  of  th  ™ound  Th  "h  at  coToT.ed  ^L"8  ‘°  the  size  °f  *he  ^ftand 
studdles  had  squared  end^St^TJ^  ‘ai.s  “  be'Ween  *he  SC‘S-  The  P°S(S  °r 

first  lowered*down  and°putC*apnroxhnate|XC^Vatfd  *?  ^  3  neW  Set’  the  end  tilT|bers  were 
Round  iron  rod!  with  nu  s  and  wTshetaT  ^  bJ,'  h“din*  them  from  the  las*  above, 
through  holes  and  ecured  hv „,I  Z  T  ^  a"d  3  hook  at  the  otl,er  were  Passed 
passed  through  the  newend  pieces  andh'ooked'tr^tl'11  ^  'f  “  rod"-ere 

framework  were  lowered  into  place  and  smddll  I  T  ^  The  long  sides  of  “>e 

WerAdeon  TU,redhn  P'aCe  a"d  the  neW  Set  was  K  bVthe  one  abovt'  ^  ir°"  r°dS 

of  horizontal  workingtrom  tteshaft  ato  ‘°  thC  ne^.°Peration-  (l,at  of  drifting,  the  driving 
drifts  were  where  the real ^h^sints  ^  h  8  °f  Pa™"el  to  the  length  of  the  vein  or  lode.  The 
usually  intersected  by  cross-cuts  or  shorn'C  plaCe'  rl|ey  were  the  working  openings, 
The  drifts  were  blasted  out  and  the  mn  i  *  ^r<J.  0pemngs  to  connect  the  major  workings, 
to  the  excavation  of  a  pocket  of  ore  caned"!  r  “Th  ‘°  8Shaft  in  °rder  pmvide  -cL 

iTdriz;1 

eight  inches  and  were  six  feet  lonT ^the  caD^be^^h  “sed  usuaIIy  P1easured  eight  inches  by 
catch  the  heads  of  the  end  sunnorts  or  n  b®lng  shal,ow,y  mortised  towards  each  end  to 
then  placed  on.  The  sK  the  cap 

installed  between  them  and  the  rock  to  box  in  the  opening0”1  ^  ^  ,a88ing 

overcomeP  by’  leaving11 piharf  ™  ^ PPf0lting  roof  or  back,  and  this  was  often 

practicable.  But  generally  wood  had  to  be  used^'or  temnor^  frequent  lntervals  wherever 
since  it  gave  ample  warning  of  inm>n«ino  -  d  !>  tuT»Porary  support,  and  was  preferred, 

most  liked  were  the  long-grained  timbers^uch^s  pressures  by  audible  cracking.  The  woods 
greatest  revolution  in  mine  timbering  came  in  1  Rfiffwh  ’  °m't t,r’ spruce’  and  chestnut.  The 
Mine  on  the  Comstock  devised  hls  ofe-fabricated  !  1P  D"eimer  at  tb<  Ophir 

universal  method  of  timbering  for  lauarr-*  >t  !  TA'^  V11  d  s  lort  time  tllesc  became  a 
irregular  orebody.  ’  '  ^  M  5  U)U  d  be  adapted  to  almost  every  kind  of 

3.  Mineral  Development  Characteristics 

smalV  c^n^paides^^p^'tnershipsTinanced  Vy  r^lcapUal  Vn’a'fJ2  ^  Under*ake"  h* 

well  developed  by  heir  T  V  Unti‘  WOrking  mines  had  been “ 

mines  in  opera,  ion  Zu ad bSte  "  adddio"  'Imre  were  many  snj 

of  multi-property  minerals  companies  was  practicall/nil  ^inh 'V'dl'a  °Wners'  The  number 
formed  to  develop  and  operate  one  min/  .,ni  ti  •  Z  /  ining  comPames  were  generally 
orebody.  P  16  mme'  and  their  fortunes  often  rose  and  fell  on  a  single 

relatively  lew  commod'ities '('iold  l’roPcrlles  Prlor  10  1872  was  limited  in  the  West  to 
lead,  and  limes, one  we  e  abom “he  onTmh .  "'e  induS,ry  wl,ile  silver,  mercury 

deposits  were  developed  on  a  Wctlv  loc  has  ^  “?*  a"'  11,6  area’s  limestone 
requirements,  in  most  cases |ime  I,  "  3  bas!s.  as  nefded  for  immediate  construction 

tlie  development  and  mining  phases  coincided  bn  -ert^6'  ^  ^  ,OFal1  practical  PurPoses, 
surface  deposits  of  lead 
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entailed  any  method  of  development  distinct  from  the  other  minerals.  The  development  of 

gold,  silver,  and  mercury  in  hard-rock  deposits  was  basically  alike  for  each  of  the  tnree 
minerals. 

The  time  required  for  mineral  deposit  development  prior  to  1872  was  minimal.  The 
occasions  were  rare  indeed  when  more  than  a  few  months  would  be  spent  in  sinking  shafts 
and  developing  underground  workings  before  removing  the  first  ton  of  ore.  In  many  cases, 

development  workings  would  be  driven  in  the  ore  itself  so  that  development  and  production 
actually  coincided. 

Development  costs  in  the  1 800’s,  while  small  by  today’s  standards,  were  still  substantial 
in  terms  ol  the  personal  income  patterns  and  purchasing  power  of  the  time.  Nevertheless, 
relative  to  the  value  of  the  or?  mined  and  compared  to  operating  costs,  mine  development 
costs  prior  to  1872  were  relatively  slight. 

The  amount  of  land  necessary  for  mine  development  in  the  1 800’s  was  also  relatively 
small,  compared  to  today’s  requirements.  The  established  reserves  felt  necessary  for  initial 
mine  development  were  comparatively  meager  and  the  very  nature  of  the  vein  and  placer 
deposits  then  being  worked  as  well  as  the  existing  technologies  precluded  the  need  for  large 
areas.  For  underground  deposits  virtually  all  that  was  needed  was  space  for  the  mine 
workings  themselves,  the  immediate  surface  plant  (a  hoist  and  perhaps  a  shop),  and  living 
quarters  for  the  miners.  Under  the  apex  principle,  it  was  not  even  necessary  to  have  as  much 
land  area  as  that  covered  by  the  deposit  being  developed.  The  number  of  small  (less  than  20 
acres)  lractional  mining  claims  developed  in  the  i8Q0’s  was  substantial. 

Most  of  the  minerals  utilized  in  the  1800’s  in  the  Western  United  States  had  already 
established  markets.  In  iact,  if  there  were  not  usually  an  established  market  for  a  particular 
commodity,  it  was  neither  sought  nor  developed.  The  very  absence  of  markets  or  ways  to  get 
to  them  was  what  delayed  the  development  of  many  of  the  West’s  mineral  resources.  The 
fact  that  there  were  established  markets  only  for  gold,  silver,  and  mercury  made  them  the 
first  minerals  to  be  developed. 


Figure  21  -  Some  meta/ic  mineral  deposits  mined  in  the  late  1800's  were  developed  in  ore  almost  from 
the  surface,  and  little  or  no  pre-production  development  was  required.  High-grading,  the  practice  of  excava¬ 
ting  only  rock  of  high  value,  was  common,  and  involved  a  minimum  of  development  work. 
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C.  CHANGES  IN  MINERAL  DEPOSIT  DEVELOPMENT  TO  1947 
1 .  The  Pattern  of  Large  Mine  Development 

Gradually  the  markets  for  both  metals  and  industrial  minerals  from  deposits  in  the 
Western  United  States  grew,  and  as  they  did,  technology  and  the  nature  of  the  deposits 
mined  also  changed.  Undoubtedly  the  most  significant  event  to  affect  mineral  deposit 
development  in  the  West  between  1 872  and  1947  was  the  initiation  of  successful  large-scale 

Kirn’8  tv  beneflcia[,on  operations  at  Bingham  Canyon,  Utah,  in  the  first  decade  of  the 

Os.  This  event  ushered  in  the  day  of  large-scale  preproduction  expense  and  made  mine 
development  a  distinct  phase  in  the  utilization  of  mineral  resources. 

^eye|oPment  of  the  deposit  at  Bingham  for  large-scale  mining  was  in  many  ways 
typical  of  the  development  of  other  such  deposits  in  the  early  1900’s.  Prior  to  that  time  the 
development  of  many  of  the  richer  copper  deposits  had  in  reality  involved  mining  at 
increasing  depths,  with  each  successive  mining  venture  in  effect  further  developing  the 
orebody.  With  Bingham,  however,  development  became  a  conscious  effort  to  establish  a 
system  and  surface  plant  for  large-scale  production. 

Utah  Copper  owes  its  being  to  the  faith  that  Daniel  C.  Jackling  had  in  it.  After  several 
deals  for  development  of  the  mine  fell  through,  Jackling  at  last  secured  an  option  from  the 
deposit  s  owner  and  went  for  financial  backing  to  the  Penrose  Brothers,  then  very  active  and 
successful  in  Western  mining.  After  more  testing  of  the  deposit,  the  Utah  Copper  Company 
,WaHS  °rSani!ed  in  1 1  903  Only  $250,000  was  available  at  the  start.  Several  million  dollars  still 
had  to  be  found.  The  Guggenheim  Exploration  Company  and  Hayden,  Stone  and  Company 
underwrote  several  bond  and  stock  issues,  mainly  to  build  the  Magma  Mill  at  Garfield 
Capitalization  was  then  $7,500,000.  After  a  further  increase  in  capitalization,  production 
from  the  open  pit  started  in  1907.4 6 

The  first  successor  to  Utah  Copper  was  at  Ely,  in  Eastern  Nevada.  Jackling  was  involved 
e?  als°’  because  the  Nevada  Consolidated  Copper  Company,  organized  in  1904,  was 
controlled  by  the  Utah  Copper  Company.  First  production  from  the  open  pit  porphyry 
copper  deposit  at  Ruth,  near  Ely,  was  recorded  in  1 908. 4  7 

In  1911  the  underground  block-caving  of  disseminated  ore  began  at  Ray  70  miles 
southeast  of  Phoenix,  Arizona.  The  Ray  Consolidated  Copper  Company  was  organized  by 
.  C.  Jackling  and  associates,  Seeley  Mudd  and  Phillip  Wiseman,  after  several  abortive 
attempts  at  production  at  intervals  since  1880.  Transition  from  underground  to  open  pit 
mining  came  only  after  1947.  8  The  beginning  of  large-scale  underground  mining  at  Ray 
marked  the  beginning  of  the  need  for  extensive  initial  development  (other  than  shaft 
sinking)  in  underground  mining  in  the  West.  With  this  method,  the  ore  produced  from 
development  workings  was  too  low  in  quality  and  quantity  to  be  considered  significant  as 
production  material.  Furthermore,  the  caving  system  required  much  more  extensive 
underground  preparation  than  had  earlier  mines  in  veins  or  massive  replacement  deposits. 

In  the  same  year  (1911),  underground  mining  by  block-caving  began  at  the  Miami 
popper  Company  deposit  at  Miami,  Arizona,  16  miles  northeast  of  Ray.  Until  the  late  1920’s 
t  le  grade  of  ore  averaged  about  two  percent  copper,  higher  than  most  of  the  porphyry 
copper  ore.  In  1911  production  started  also  at  Santa  Rita  (Chino)  in  Southwest  New 
Mexico  where  small-scale  mining  of  oxidized  copper  ores  and  native  copper  had  been  going 
on  sporadically  for  over  1 00  years.5  0 

The  Inspiration  Consolidated  Copper  Company  was  incorporated  in  1911  after  several 
sporadic  and  mostly  unsuccessful  attempts  at  mining  the  copper  ore  on  the  property  it  had 
inherited  in  the  Globe-Miami  district  of  Arizona.  Production  started  in  1915  at  Inspiration 
with  an  1  8,000  tons  per  day  concentrator,  the  first  to  employ  an  all-flotation  process  The 
other  operators  soon  tohoweci  suit.  From  1915  to  1 947,  block-caving  was  used.  From  1948 
to  1961,  a  combination  of  block-caving  and  open  pit  mining  was  employed,  and  from  1961 
to  date,  open  pit  mining  has  been  used  exclusively.5  1 
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2.  Development  Scale  and  Costs 


In  the  period  from  1912  to  1915,  Inspiration  developed  its  mine  for  block-caving  and 
erected  the  necessary  surface  plant,  including  a  concentrator  that  was  regarded  as  the  last 
word  at  the  time.  The  projected  capacity  of  the  operation  was  60,000  tons  of  copper  per 
year.  The  company  did  not  build  its  own  smelter;  but  the  cost  of  the  nearby  international 
smelter,  that  was  to  treat  both  Inspiration  and  Miami  concentrates  on  a  custom  basis,  was 
about  $3,000,000.  That  wpuld  make  a  total  capital  investment  of  $  1 9  million.  Forty  years 
later,  the  San  Manuel  Copper  Corporation  invested  nearly  $  1 00  million  for  facilities  needed 
to  produce  70,000  tons  (16  percent  more)  of  copper  per  year  by  almost  identical  operations 
involving  underground  block-caving,  concentrating,  and  smelting.  The  reasons  for  this  rather 
startling  difference  are  numerous,  but  a  few  of  them  are  of  prime  importance  in  the  changes 
that  have  taken  place  in  mine  development  since  the  1 800’s. 

First,  Inspiration  planned  to  mill  15,000  tons  of  ore  per  day  compared  with  30,000  for 

San  Manuel.  The  reason  is  that  Inspiration  ore  averaged  1.6  percent  copper  against  0.8 

percent  for  San  Manuel.  This  higher  rate  of  production  in  itself  involved  more  extensive 

mine  development  in  the  1950’s  with  more  underground  transportation  facilities,  larger 

hoisting  works  and,  of  course,  a  mill-concentrator  (though  not  a  smelter)  with  twice  the 

capacity  of  Inspiration’s  development  in  1915.  Second,  the  underground  and  surface 

machinery  installed  by  Inspiration  were  less  efficient,  and  less  expensive,  than  that  installed 
at  San  Manuel  in  the  1 950’s. 

A  third  factor,  of  course,  is  general  inflation  and  consequent  deterioration  in  the 
purchasing  power  of  the  dollar  that  has  taken  place  since  1915.  The  identical  hoist  that 
Inspiration  bought  in  1914,  if  it  could  have  been  duplicated  in  1954  (which,  of  course,  was 
neither  desirable  nor  possible),  would  have  cost  at  least  twice  as  much.  Wage  scales  for 
construction  workers  were  at  least  three  times  as  high  in  1954  as  they  were  in  1914.  A 
fourth  item  that  kept  the  earlier  costs  down  was  that  Inspiration  was  obliged  to  build 
neither  25  miles  of  railroad  nor  a  $10  million  town  to  house  and  otherwise  provide  a 
comfortable  environment  for  its  employees  as  was  San  Manuel. 

Over  the  period  from  the  late  1800’s  to  1947,  the  increasing  capital  requirements  of 
mineral  deposit  development  led  to  the  formation  of  larger  and  larger  mining  firms.  As  a 
result,  by  1947  most  of  the  major  nonferrous  metals  mines  in  the  West  were  owned  by  a 
handful  of  large  companies.  The  individual  property  companies  had  been  largely  combined 
into  national  minerals  firms,  although  a  few  single-property  producers  still  existed, 
particularly  in  the  higher  unit  value  operations  such  as  silver  and  mercury. 

After  the  rash  of  development  related  to  the  porphyry  coppers  in  the  first  two  decades 
of  the  century,  however,  the  extent  of  new  mine  development  in  the  West  declined,  coming 
almost  to  a  halt  in  the  1 930’s.  World  War  II  provided  an  impetus  to  new  mine  development 
but  aside  from  the  conversion  of  the  Morenci,  Arizona,  deposit  to  a  large  open  pit 
operation,  the  development  of  new  metallic  mineral  properties  remained  sparse.  Only  after 

the  end  of  World  War  II  did  new  mine  development  again  come  to  the  fore  in  the  Western 
United  States.  .  . 
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D.  CHANGES  IN  MINERAL  DEVELOPMENT  SINCE  1947 


1.  The  Development  Process 


Although  mineral  deposits  may  be  found,  mines  are  made.  This  was  true  in  the  last 
century  and  it  has  remained  true  in  this  one.  Since  1947  the  truth  of  the  distinction 
between  a  mineral  deposit  and  a  mine  has  become  even  more  apparent  as  the  making  of 
mines  has  required  a  greater  utilization  ot  available  technology  and  more  time,  more  money, 
more  space,  and  more  minerals  than  ever  before. 

Although  mineral  development  since  the  end  of  World  War  II  has  tended  to  involve  more 
of  everything  concerned,  the  basic  process  has  remained  the  same.  Development  still 
involves  sufficient  and  appropriate  excavation  to  expose  the  orebody  and  the  installation  of 
the  proper  surface  and  underground  facilities  to  facilitate  the  removal  and  processing  of  the 
ore.  Development  for  surface  mining  still  requires  the  stripping  of  overburden,  and  the 
development  of  an  underground  mine  still  requires  (usually)  the  sinking  of  a  shaft  and  the 
driving  of  horizontal  openings  under,  in,  or  around  the  ore. 

The  equipment  involved  in  mine  development  has  changed  since  1 947.  The  surface  plant 
facilities  are  normally  larger  and  more  complex.  Tlie  overburden  removal  equipment  is  larger 
and  more  expensive.  Newer  shaft-sinking  methods  have  increased  the  speed  of  underground 
development,  and  the  necessary  size  of  underground  openings  has  grown.  These  changes  in 
the  scale  and  capabilities  of  development  equipment  have  all  had  their  effects  on  the  various 
dimensions  of  the  mine  development  process-time,  money,  and  space. 

2.  Development  Time  Requirements 


An  orderly  development  program  permitting  the  best  mineral  conservation  and  the 
greatest  economic  benefit  takes  time.  Of  course,  there  are  upper  as  well  as  lower  limits  on 
the  time  involved,  but  within  a  rather  wide  range  there  are  a  number  of  time-dependent 
conditions  involved  in  bringing  a  modern  mine  from  the  first  recognition  of  the  existence  of 
an  orebody  to  the  full-scale  production  of  a  mineral  commodity. 

Security  of  tenure  and  freedom  for  changes  in  plans  are  essential  to  proper  mine 
development  If  a  long-term  title  to  a  mineral  deposit  is  not  available,  the  result  is  likely  to 
be  a  brief  high-grading”  operation.  There  are  innumerable  examples  of  orebodies  once 
mined  to  their  apparent  high-grade  limit  and  abandoned  only  to  be  reopened  under 
longer-term  conditions  years  later  for  a  greater  overall  profit. 

Any  short-term  agreement,  be  it  option  or  lease,  may  cause  abandonment  of  a  project 
just  as  the  information  tor  an  orderly  development  program  is  beginning  to  come  to  light. 
This  came  very  close  to  happening  at  Bingham  Canyon,  Utah,  when,  in  1895,  Joseph 
DeLamar  secured  a  six-month  option  agreement  on  an  attractive-looking  prospect.52  His 
sampling  and  concentration  tests  during  this  time,  however,  were  not  immediately 
encouraging.  DeLamar  secured  a  second  six  months  option  in  1898  and  obtained 
satisfactory  indications.  He  was  not,  however,  able  to  obtain  an  extension  of  time  in  which 
to  verity  his  findings,  and  he  did  not  exercise  his  option  on  the  property.  In  1899,  he  was 
persuaded  to  re-enter  the  scene  with  a  new  one-year  option  agreement.  Again  the  results  of 
tests  were  inconclusive  and  the  option  was  not  exercised.  It  was  not  until  1903  that  a 
mining  pioneer,  D.C.  Jackling,  was  able  to  obtain  a  suitable  arrangement  involving  a  six 
months  option  agreement  with  provisions  for  an  additional  12  months  extension.  The 
masterful  job  of  evaluation,  development,  and  engineering  which  followed  gave  rise  to  the 
Utah  Copper  enterprise  in  1907  and  is  now  a  classic  in  American  mining  history.  It  should 

be  noted,  however,  that  DeLamar  had  just  as  much  elapsed  time  in  examination  as  did 
Jackling. 

C  hanges  in  plans  as  a  result  ot  unforeseen  circumstances  are  of  importance  in  most  mine 
development  histories.  Orebodies  and  their  surroundings  are  full  of  surprises,  and  effective 
management  must  be  able  to  “roll  with  the  punch,”  and  to  make  new  decisions  based  on 
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new  information  Experience  in  developing  the  Palo  Verde  copper  mine  in  Arizona  serves  as 

tI16  ?ein°d  S1!]Ce  1947‘  In  February  1956,  an  exploration  drill  hole 
penetrated  335  feet  of  low-grade  disseminated  ore  at  the  property.  Additional  driiling 

during  the  next  few  years  indicated  a  large  orebody  suited  to  open  pit  mining  but  requiring 
financing  of  $40  million  or  more.  In  the  course  of  the  drilling  program,  a  zone  of 
higher-grade  ore  was  encountered  which,  however,  was  too  deep  for  extraction  by  any  open 
pit  then  feasible.  A  decision  was  made  in  early  1959,  therefore,  to  sink  the  1,030-foot  Palo 
Verde  shaft  to  the  higher-grade  zone  and  to  mine  a  portion  of  the  orebody  by  underground 
methods  as  an  intermediate  step  in  planning  for  a  larger  open  pit  mine.  The  sinking  was 
delayed  by  a  large  inflow  of  water  at  a  depth  of  960  feet,  and  it  took  nearly  a  year  to 
control  the  inflow  and  dewater  the  shaft.  Production  from  the  Palo  Verde  Mine  began  in 
November  1961.  Under  an  agreement  specifying  in  advance  the  exact  type,  amount,  and 
location  of  work  to  be  done,  such  a  development  program  would  have  been  especially 
comphcated  and  probably  not  carried  out. 


A  great  many  factors  are  involved  in  the  time  needed  for  the  development  of  a  mine. 
Some  of  these,  including  primarily  the  physical  conditions  inherent  in  the  mineral  deposit, 
are  essentially  static.  The  lateral  dimensions,  depth,  and  continuity  of  the  mineral  deposit 
are  no  different  today  than  they  were  a  century  ago.  (This  is  not  necessarily  true  of  the 
orebody,  however.)  The  remaining  conditions  are  dynamic  and  involve  the  changing  aspects 
of  technology  and  economics.  They  provide  the  pattern  within  which  many  older  small 
mines  and  non-commercial  prospects  have  become  today’s  major  mines,  and  conversely 
within  which  many  of  yesteryears’  mining  districts  have  been  turned  into  ghost  camps  even 
though  considerable  mineralization  was  still  in  place. 


Fig.  22  -  The  Chino  Mine  at  Santa  Rita,  New  Mexico.  The  small-scale  mining  of  high-grade  surface 
deposits  of  native  copper  and  copper  oxides  required  little  in  the  way  of  mine  development  prior  to  191 1 
when  large-scale  mining  of  the  larger  disseminated  copper  porphyry  was  begun.  The  initiation  of  large-scale 
mining  started  the  need  for  extensive  pre-production  development  work. 
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Mining  conditions  have  important  bearings  on  the  length  of  the  mine  development 
period  and  many  of  them  may  act  on  different  facets  of  the  development  process  The 

sequentfaUctS1  Co  TO™  “  7™'  determined  b V  the  most  time-consuming 

sequential  activities.  An  orebody  may  be  outlined  while  mill  tests  are  being  made  The  mine 

•  T,  eX  construction  of"  mf  TT?’  #nd  ^  developed’  a"  while  « « 
cCtrn  t  f  "d  Smelter  may  80  on  at  the  s*™  time  as  stripping  townsite 

onstruction,  reservoir  work,  and  purchase  of  mining  equipment.  Figure  ^3  illustrates  a 

hypothetical  four-year  pre-production  program  schedule  that  is  typical  of  many  mine 
development  programs  that  have  been  followed  since  1947.  y 

S°!u 6  ,Case.s’  such  as  at  the  Gunnar  Beaverlodge  uranium  mine  in  Saskatchewan 
^ jdaneo^C"^  Culd 

-  £  asssar  1  ^  =5 

p^tentLfoTCbod^andTtlKfbelsiiiUng^^^itficsiiit  Ceprod*ctC)may'CiilnowSinnspecia! 

cases  ,ake  only  a  few  months  or  even  days.  Very  small  orebodies  cCe  to  an  asCeCarket 

single  tuck'are6 of?hisrtvnemM  equi.Pment  as  a  compressor,  drill,  loader,  and  a 

.•  1S  type-  Many  °f  the  uranium  deposits  mined  during  the  1950’s  were 

partially  exposed  at  the  surface  anc  were  so  limited  in  size  that  they  were  brought  into 

production  almost  as  soon  as  discovered.  With  a  small  orebody,  such  actfvities  as  Dreliminarv 
drilling,  engineering,  and  preparation  are  kept  to  a  minimum  Preliminary 

50  tons' per^dav  0fhSnUPP°rting  more  ,han  a  few  miners  and  production  of  more  than  about 
categorized  inCr  however’  are  not  s°  qulckly  developed.  Most  mines  today  may  be 

3  r  ri”  tasrattSMart 

The  second  group  involves  from  two  to  five  years  of  pre-production  time  A  maioritv  of 
lo  bTCemC”  r,ht8c<?UP'  Cw’  teci’n°lo8ic>  a"d  economic  condition  may be Cd 

w  n  ,,  ®  ‘  ^  third  class  entails  from  five  to  seven  years  of  pre-production  artivitv 
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L  /  *!ally  t0  several  thousand  tons  per  day  at  present,  involving  growth  that  has  been 
almost  continuous  with  the  addition  of  facilities  being  made  during  much  of  the  mine’s  life 

labor  CPorr°hdUCtl°n  C*  haVe  been  -terrupted  by  wartime  shortages^  o nX a and 
labor,  in  other  cases  there  have  been  stages  of  inactivity,  with  each  productive  , age 
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Fig.  23  -  Typical  scheduling  plan  for  a  four  year  mine  development  program.  Some  functions  are  carried 
on  intermittently  through  the  oerioei '  wh;t*> 


involving  the  rehabilitation  of  previous  workings.  Such  is  the  typical  history  of  the  Bluebell 
lead-zinc  mine  in  British  Columbia,54  where  underground  development  began  in  1886 
Operation  periods  were  from  1894-1896,  1908-1910,  1912-1920,  and  1920-1927.  In  1947, 
a  new  drilling  and  underground  development  program  began.  Significant  production  was 
resumed  again  in  1952.  In  this  instance,  the  pre-production  interval  might  be  taken  as  eight 
years  (before  1 894),  five  years  (before  1952),  or  even  some  assigned  portion  of  66  years. 

Mines  with  two  years  or  less  pre-production  time  include  the  examples  shown  in  Table 
16.  Some  were  brought  into  production  as  a  result  of  immediate  national  interest.  Many 
tungsten,  manganese,  and  vanadium  mines  which  began  production  during  wartime  were 
developed  with  government  participation  and  with  the  effective  by-passing  of  many  normal 
peacetime  economic  delays. 

During  the  scramble  for  uranium  in  the  1950’s,  many  mines  of  all  sizes  were  brought 
into  production  within  a  very  short  time.  Government  bonuses,  loans,  purchasing  stations, 
and  guarantees  made  economic  conditions  exceptionally  favorable.  Physical  conditions  were 
a  so  generally  favorable  in  that  a  majority  of  the  deposits  were  small  and  shallow.  In  the 
inr^n11  m'nera^  belt  *n  Colorado,  uranium  orebodies  range  from  50  tons  to  more  than 
100,000  tons.  The  average  orebody  contains  from  5,000  tons  to  15,000  tons,  and  depths 
range  from  50  feet  to  750  feet.  Such  shallow  deposits  have  normally  required  a  development 
interval  ot  only  from  three  to  six  months  for  underground  mining.  Deeper  deposits  and 
generally  larger  deposits  have  required  from  one  to  two  years  for  the  proper  shaft  sinking 
and  other  development  work.  A  copimon  practice  in  the  uranium  rush  was  to  start  an  entry 
as  soon  as  enough  ore  was  outlined  to  recover  the  entry  costs.  Additional  ore  was  then 
located  after  initial  production  had  begun. 

Mines  with  short  pre-production  intervals  are  characterized  by  high  unit  value  ore 
located  in  known  and  accessible  areas.  The  gold  of  the  1 850’s  and  the  uranium  of  the  1950’s 
were  similar  in  this  (and  many  other)  respects.  Initial  production  capacities  are  on  the  order 
ot  a  few  hundred  tons  per  day  or  less.  There  are  some  outstanding  exceptions,  however 
such  as  the  Kidd  Creek  mine  near  Timmins,  Ontario,  where  the  development  of  an  open  pit 
mine  with  a  mill  and  a  16-mile  rail  spur  allowed  production  to  begin  at  6,000  tons  per  day 
during  1966,  about  two  years  after  the  recognition  of  a  definite  orebody.  The  five-year 
exploration  program  which  preceded  the  discovery  of  the  Timmins  orebody,  however, 

involved  thousands  ot  square  miles  of  geologic  reconnaissance  plus  the  drilling  of  65  other 
geophysical  anomalies. 

Most  of  the  new  mines  that  have  been  developed  since  1947  are  included  in  the  group 
with  two  to  five  years  pre-production.  Examples  are  given  in  Table  1  7.  Conditions  for  these 
mines  may  be  described  as  “average.”  It  is,  however,  well  understood  that  each  mine  is 
unique  and  that  there  really  is  even  less  chance  of  finding  an  “average”  mine  as  there  is  of 
t inding  an  “average”  man.  Physical  and  technologic  obstacles  have  sometimes  been  difficult 
in  this  group.  The  Consolidated  Discovery  Yellowknife  mine’s  four  years  pre-production 
period  included  the  shattering  loss  of  an  entire  beneficiation  plant  in  the  sinking  of  a  barge 

111  .i  a  a  SlaVe  Uke'  The  4  5  year  Pre-Production  interval  at  Bingham  Canyon,  Utah, 
included,  technologic  and  economic  accomplishments  of  immense  proportion.  Perhaps  the 

average  connotation  should  be  restated  as  an  averaging  of  difficult  conditions  plus 
extremely  competent  and  energetic  personnel! 

An  idea  of  the  factors  affecting  the  development  interval  for  “average”  mines  may  be 
obtained  from  examining  a  period  in  the  history  of  gold  mining.  The  United  States  gold 
price  was  raised  trom  $20.67  per  ounce  to  $35.00  per  ounce  in  January  1934.  The  Canadian 
gold  price  had  begun  rising  three  years  earlier  in  anticipation  of  the  United  States  action 
but  the  real  economic  impetus  for  new  gold  mining  came  in  1934.  Of  55  new  gold  mines 
opened  m  Ontario  during  the  period  between  1934  and  1942,  eight  came  into  production 
within  two  years,  41  came  into  production  between  two  and  five  years,  and  six  came  into 
production  between  five  and  seven  years.5  5  The  representation  is  not  perfect  in  that  war¬ 
time  shortages  began  to  interfere  in  1940.  Still,  the  illustration  shows  a  strong  modal  average 
ot  two  to  live  years  tor  development. 
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Table  16 

SELECTED  MINES  WITH  TWO  YEARS  OR  LESS  DEVELOPMENT  TIME 

THE  UNITED  STATES  AND  CANADA 

Initial  Production 

Amount 


Property 

Commodity 

(tons/day) 

Year 

Type  of  Mine 

Boriana,  Arizona 

Tungsten 

50 

1931 

Underground 

Madsen  Red  Lake,  Ontario 

Gold 

300 

1938 

Underground 

Williams,  Arizona 

Tungsten 

75 

1940 

Underground 

Walton,  Nova  Scotia 

Barite 

400 

1941 

Open  Pit 

Castle  Dome,  Arizona 

Copper 

10,000 

1943 

Open  Pit 

Eagle  Mountain,  California 

Iron 

8,000 

1948 

Open  Pit 

Weedon,  Quebec 

Copper 

250 

1952 

Underground 

Mineral  Hill,  Arizona 

Copper 

350 

1953 

Underground 

Yerington,  Nevada 

Copper 

12,000 

1953 

Open  Pit 

Daisy,  Arizona 

Copper 

100 

1954 

Underground 

Rio  de  Oro,  New  Mexico 

Uranium 

60 

1956 

Underground 

Radon,  Utah 

Uranium 

250 

1956 

Underground 

Denison,  Ontario 

Uranium 

2,000 

1956 

Underground 

Brynnor,  British  Columbia 

Iron 

3,000 

1962 

Open  Pit 

Lac  Dufault,  Quebec 

Cu-Zn 

1,300 

1964 

Underground 

Kidd  Creek,  Ontario 

Zn-Cu-Ag 

6,000 

1966 

Open  Pit 

Sources  of  data:  Various 


In  the  group  of  mines  with  five  to  seven  years  pre-production  time,  there  are  examples 
ot  operations  with  more  complex  geologic  conditions  and  with  more  difficult  engineering 
problems.  A  tew  ot  these  mines  are  listed  in  Table  18.  Many  of  these,  including  some  iron, 
bauxite,  and  salt  mines,  are  characterized  by  relatively  low  unit  value  commodities  and 
consequently  by  a  need  for  very  large  scale  haulage  systems.  In  many  instances,  it  has  been 
necessary  to  include  the  conduct  of  extensive  beneficiation  and  mining  tests,  railroad 
building,  and  the  construction  of  supporting  facilities  in  the  development  stage. 

At  the  Atlantic  City,  Wyoming,  iron  mine,  for  example,  a  detailed  diamond  drilling 
program  was  begun  in  the  summer  of  1955  at  the  time  of  deposit  recognition.  Preliminary 
engineering  work  started  in  1956.  Underground  work  for  obtaining  bulk  samples  to  be  used 
in  further  concentration  and  agglomeration  tests  and  more  diamond  drilling  had  to  be  done 
prior  to  breaking  ground  in  1960  for  a  taconite  processing  and  agglomerating  plant. 
Construction  of  a  76-mile  rail  spur  and  stripping  for  the  open  pit  mine  took  place  in  1961 
and  1962.  Shipment  of  the  first  car'oads  of  agglomerate  in  August,  1962,  marked  the 
successful  completion  of  seven  busy  years  of  mine  development  that  included  stripping, 
plant  construction,  road,  railway,  and  reservoir  building,  and  the  installation  of  power 
facilities. 


At  the  Wedge  copper-lead-zinc  mine  in  New  Brunswick,  Canada,  recognition  of  a 
potential  orebody  in  1956  began  a  six-year  mine  creation  program.56  In  order  to  delineate 
the  orebody,  a  two-year  project  involving  20,000  feet  of  diamond  drilling  followed.  Since 
metallurgical  difficulties  were  anticipated,  it  was  necessary  to  sink  a  1 ,1  50-foot  deep  shaft  in 
order  to  obtain  adequate  bulk  samples  for  evaluation  and  testing.  This  part  of  the  program 
involved  road  building,  camp  construction,  plant  construction,  and  the  installation  of  power 
facilities.  Lateral  development  work  underground  and  additional  diamond  drilling  followed. 
The  decision  to  enter  full-scale  production  was  made  early  in  1961  and  production  began  in 
January  1962,  six  years  after  recognition  of  the  mineral  deposit  as  a  potential  orebody. 

A  specific  economic  factor  becomes  involved  in  the  development  of  mines  over  more 
than  seven  years.  1  his  is  the  time  value  of  investment  money.  Private  investors  ordinarily  are 
not  willing  to  wait  for  more  than  six  to  eight  years  for  a  mining  property  to  begin  paying  for 
the  initial  investment.  Term  loans  from  banks  in  the  form  of  first  mortgage  bonds  are 
obtainable  for  a  maximum  of  three  to  five  years,  and  only  in  exceptionally  attractive  cases, 
tor  a  maximum  of  eight  to  ten  years.5  7  Repayment  of  credits  to  the  Hxport-Import  Bank  of 
Washington,  an  organization  especially  designed  for  large-scale  global  economic 
development,  commonly  takes  from  eight  to  ten  years.58  Long-term  institutional  bonds  or 
notes  with  a  maturity  period  of  ten  to  25  years  are  available  only  to  mines  well  past  the 
initial  development  stage  that  have  achieved  this  status  of  an  operation  comparable  to  a 
low-risk  manufacturing  enterprise. 


Among  the  mines  that  have  required  more  than  seven  years  in  pre-production  time  are 
some  of  the  very  large,  complex,  or  deep  operations  in  which  the  overall  financial  risk  has 
been  relatively  low  and  the  return  on  investment  so  attractive  that  the  preliminary  financing 
has  been  possible  in  spite  of  a  long  pre-production  delay.  Financing  for  this  type  of  venture 
has  often  been  completed  in  stages,  with  re-financing  an  important  factor  and  with  the 
largest  outlay  taking  place  during  the  final  development  years  when  the  uncertainty  has 
been  the  least.  Financing  sometimes  has  been  assisted  by  early  high-grade  shipments  during 
the  long  pre-production  period. 

An  example  of  a  long-term  pre-production  period  is  the  Schefferville  iron  operation  in 
Labrador  and  Quebec  where  production  began  in  1954,  12  years  after  the  economic 
importance  of  the  site  was  recognized  and  nine  years  after  the  actual  development 
engineering  studies  began.  Financing  for  full-scale  construction  was  accomplished  in  1950. 
I  he  pre-1950  work  included  drilling,  test  pitting,  evaluation,  and  engineering  planning. 
From  1950  until  1954,  there  was  a  remarkable  program  of  railway  building  for  a  distance  of 
357  miles,  mine  development,  construction  of  a  port,  plant,  and  townsite  facilities,  and 
installation  of  a  hydroelectric  power  plant.  The  result  was  monumental,  a  new  mining 

complex  capable  of  producing  20  million  tons  of  ore  per  year  in  wild  and  rugged  country. 
But  it  took  time  and  money. 
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Table  17 


SELECTED  MINES  WITH  TWO  TO  FIVE  YEARS  OF  DEVELOPMENT, 

UNITED  STATES  AND  CANADA 


Property 

Commodity 

Initial  Production 

Amount 

(tons/day) 

Year 

Type  of  Mine 

Developn 

Time 

(years 

Pamour,  Ontario 

Gold 

750 

1936 

Underground 

3 

Berens  River,  Ontario 

Au-Ag 

225 

1939 

Underground 

3 

Bagdad,  Arizona 

Copper 

2,500 

1944 

Underground 

3 

C  onsolidated  Discovery 
Yellowknife 

Northwest  Territories 

Gold 

100 

1950 

Underground 

4 

Quebec,  Quebec 

Copper 

450 

1954 

Underground 

4 

Indian  Creek,  Missouri 

Lead 

2,500 

1954 

Underground 

4 

Gunnar  Beaverlodge, 
Saskatchewan 

Uranium 

1,250 

1955 

Open  Pit 

3 

Campbell  Chibougamau, 
Quebec 

Copper 

1,700 

1955 

■  Underground 

4 

National,  Nova  Scotia 

Gypsum 

6,000 

1955 

Open  Pit 

4 

Esperanza,  Arizona 

Copper 

12,000  « 

1959 

Open  Pit 

4 

Sunro,  British  Columbia 

Copper 

1,500 

1962 

Underground 

2.5 

Coalinga,  California 

Asbestos 

2,500 

1962 

Open  Pit 

3 

Zeballos,  British  Columbia 

Iron 

3,200 

1962 

Open  Pit 

3 

Locust  Cove,  Virginia 

Gypsum 

1,000 

1964 

Underground 

4 

Brookfield,  Nova  Scotia 

Limestone 

1,800 

1965 

Open  Pit 

4 

Carlin,  Nevada 

Gold 

2,000 

1965 

Open  Pit 

3 

Endako,  British  Columbia 

Molybdenum 

10,000 

1965 

Open  Pit 

2.5 

Fletcher,  Missouri 

Lead 

5,000 

1966 

Underground 

3 

Sources  of  data:  Various 
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Table  18 


SELECTED  MINES  WITH  FIVE  TO  SEVEN  YEARS  OF  DEVELOPMENT, 

UNITED  STATES  AND  CANADA 


Property 

Commodity 

Initial  Production 

Amount 

(tons/day) 

Year 

Type  of  Mine 

Developmc : 
Time 
(years)  | 

Eldorado  Beaverlodge, 
Saskatchewan 

Uranium 

500 

1953 

Underground 

5 

Lynn  Lake,  Manitoba 

Nickel 

2,000 

1954 

Underground 

7  i 

Silver  Bell,  Arizona 

Copper 

7,500 

1954 

Open  Pit 

6  ! 

Lavender,  Arizona 

Copper 

12,000 

1954 

Open  Pit 

6 

Gaspe,  Quebec 

Copper 

1,500 

1955 

Underground 

7 

H.  Young,  Tennessee 

Zinc  ' 

2,500 

1955 

Underground 

6 

I 

Gunnar  Beaverlodge, 
Saskatchewan 

Uranium 

1,650 

1957 

Underground 

5 

Pima,  Arizona 

Copper 

3,000 

1957 

Open  Pit 

5 

Viburnum,  Missouri 

Lead 

4,000 

1960 

Underground 

5 

Thompson,  Manitoba 

Nickel 

6,000 

1961 

Underground 

5 

Quebec  Cartier,  Quebec 

Iron 

10,000 

1961 

Open  Pit 

5 

Wedge,  New  Brunswick 

Cu-Zn-Pb 

750 

1962 

Underground 

6 

Pea  Ridge,  Missouri 

Iron 

12,000 

1964 

Underground 

7  ; 

Mineral  Park,  Arizona 

Copper 

12,000 

1964 

Open  Pit 

5 

Cleveland,  Ohio 

Salt 

15,000 

1965 

Underground 

7 

v 

Sources  of  data:  Various 
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24  •  /ltoo,eTO  ">™  developmen  t  often  requires  the  remo  vai  of  millions  of  tons  of  overburden  before 
even  one  ton  of  ore  can  be  mined.  This  view  of  the  Anaconda  Company's  stripping  operation  at  Twin 

BdTXArna'- I*'™'  °f  ^  devehPment  *****  required  in  preparing  some  large  mineral 
depostts  for  mmmg.  Although  a  portion  of  the  top  of  the  orebody  had  been  uncovered,  no  actual  mining 
had  begun  by  the  date  of  this  picture  (early  1969).  9 


The  conditions  involved  in  determining  the  pre-production  interval  for  any  mine  are  so 
interrelated  that  any  averaging  of  information  must  be  accepted  only  in  the  broadest  sense. 
A  newly  discovered  orebody,  large  or  small,  with  a  very  favorable  balance  of  physical, 
technologic,  and  economic  conditions  can  normally  be  brought  into  production  within  two 
years.  A  great  many  new  orebodies  of  all  sizes,  however,  now  require  from  two  to  five  years 
of  development.  Orebodies  with  a  low  unit-value  or  with  complex  conditions  require  as 
much  as  seven  years  ol  pre-production  time.  A  development  time  of  more  than  seven  years 
has  been  experienced  only  at  those  relatively  few  mines  where  the  projected  return  on 
investment  has  been  so  well  established  by  preliminary  investigations  and  has  been  so 
attractive  that  long-term  financing  could  be  obtained.  Unforeseen  difficulties,  however,  have 
resulted  in  a  long  pre-production  interval,  and  unforeseen  difficulties  are  always  a  possibility 
in  mineral  resource  development. 

3.  Mine  Development  Costs 

The  growing  importance  of  capital  investment  and  the  need  for  ever  larger  amounts  of 
pre-production  funds  have  been  caused  in  large  part  by  the  more  costly  nature  of  mine 
development,  including  beneficiation  and  advanced  processing  plant  construction.  Some  of 
the  unit  costs  involved  in  uranium  deposit  development  are  shown  in  Table  20.  The 
relatively  small  size  and  near-surface  location  of  the  nation’s  uranium  deposits  that  have 
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Table  19 

REPRESENTATIVE  TIME  INTERVALS  INVOLVED 
IN  MINE  DEVELOPMENT  IN  THE  UNITED  STATES 

1947  -  1968 


Project 

(Ranked  by  Length 

\ 

Development  Time3 

of  time) 

Commodity 

(in  months) 

1 

Barite 

144 

2 

Iron 

120 

3 

Copper 

120 

4 

Potash 

96 

5 

Evaporite 

60b 

6 

Lead 

60 

7 

Iron 

50 

8 

Lead 

48 

9 

Limestone 

44 

10 

Lead 

42 

11 

Copper 

36 

12 

Clay 

36 

13 

Molybdenum 

24 

14 

Lead 

24 

15 

Phosphate 

24 

16 

Sand 

24 

17 

Copper-Zinc 

18 

18 

Uranium 

18 

19 

Industrial  Minerals 

18 

20 

Gypsum 

18 

21 

Uranium 

16 

22 

Uranium 

16 

23 

Gypsum 

12 

24 

Uranium 

12 

25 

Uranium 

12 

26 

Uranium 

12 

27 

Uranium 

10 

28 

Uranium 

8 

aTime  from  recognition  as  an  orebody  to  first  significant  production. 
bLargely  pilot  plant  testing. 

Source.  Survey  conducted  by  the  Division  of  Economic  and  Business  Research,  The 
University  of  Arizona. 
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been  developed  to  date  have  been  responsible  for  keeping  total  uranium  development  costs 
relatively  low  compared  to  other  minerals  although  unit  development  costs  are  similar. 

Unit  development  costs  involved  in  the  preparation  of  the  nation’s  large  copper  and  iron 
deposits  have  been  relatively  low,  as  shown  in  Table  21.  The  enormous  volume  of 
development  work  required,  however,  in  preparing  these  deposits  for  mining  has  kept  the 
total  investment  in  new  copper  and  iron  properties  high.  The  same  is  true  in  the 
development  of  other  large  disseminated  mineral  deposits,  as  shown  in  Table  22. 

Total  development  costs,  and  consequently,  the  initial  investment  required  for  the 
development  of  a  mineral  property  in  the  United  States,  have  varied  widely  in  the  last  two 
decades  and  still  are  quite  divergent.  Most  of  the  larger  development  expenditures  have 
involved  the  development  of  large,  disseminated  copper  and/or  molybdenum  deposits,  as 
well  as  phosphate  and  iron  deposits,  and  have  ranged  up  into  the  hundreds  of  millions  of 
dollars.  A  more  representative  sample  of  total  mineral  development  costs  for  deposits  other 
than  copper  porphyries  is  shown  in  Table  23. 

The  size  of  a  mineral  deposit,  its  proximity  to  the  surface,  and  the  relative  simplicity  or 
complexity  of  the  beneficiation  or  advanced  processing  required  appear  to  have  had  the 
greatest  influence  on  total  development  cost.  Itself  influenced  partly  by  deposit  size  and 
partly  by  market  size,  the  desired  rate  of  production  has,  of  course,  also  been  a  factor. 
Some  development  costs  for  small,  near-surface  deposits  are  still  small  and  comparable  to 
those  incurred  in  the  development  of  gold  deposits  in  the  1800’s.  Most,  however,  are  much 
higher. 


complex  surface  facilities  even  before  development  excavation  can  take  place.  This  surface  view  of  the  main 
development  shaft  at  San  Manuel,  Arizona,  is  an  example  of  the  surface  facilities  that  sometimes  may  be 
involved  even  m  underground  development.  This  mine  also  has  three  other  shafts  in  operation  and  two 
more  being  sunk.  Not  shown  in  this  view  are  additional  shops,  warehouses,  offices,  and  changehouse 
facilities  that  also  form  part  of  the  surface  plant  needed  for  underground  mine  development. 
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Table  20 


\ 


SELECrED  DEVELOPMENT  COSTS  IN 
URANIUM  MINERALS  UTILIZATION,  1966 


1 .  Typical  construction  costs  for  an  acid  leach  uranium  processing  plant: 


2. 


3. 


Rated  Capacity 

Estimated  Cost 

(tons  per  day) 

(per  daily  ton  of  capacity) 

Estimated  Total  Cost 

500 

$6,800-$8,300 

$  3,400,000-$  4,150,000 

1,000 

4,700-  5,800 

4,700,000-  5,800,000 

2,000 

4,100-  5,100 

8,200,000-  10,200,000 

5,000 

3,100-  3,700 

17,050,000-  20,350,000 

Typical  stripping  costs  for  an  open  pit  uranium  mine: 

Range 

Average 

soft  overburden 

1 9  to  30c  per  cubic  yard 

25c  per  cubic  yard 

hard  overburden 

30  to  50c  per  cubic  yard 

40c  per  cubic  yard 

Typical  underground  mine 

development  costs: 

Range 

Average 

surface  plant 

$150,000  to  $800,000 

$600,000 

equipment 

20  to  40c  per  ton 

30c  per  ton 

rectangular  shaft 

$300  to  400  per  ton 

$500  per  foot 

circular  concrete  shaft 

$500  to  800  per  foot 

$650  per  foot 

bored  shaft 

$720  to  950  per  foot 

— 

shaft  stations 

— 

55c  per  cubic  yard 

wet  drifts 

$  50  to  70  per  foot 

$  60  per  foot 

dry  drifts 

$  40  to  60  per  foot 

$  50  per  foot 

raises 

$  30  to  60  per  foot 

— - 

(depending  on  size) 


Source  of  data:  United  States  Atomic  Energy  Commission 
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Table  21 


MINE  DEVELOPMENT  COSTS 


A.  Analysis  of  Stripping  Costs  Based  Upon  4,065,475  Tons  Moved  in  Four  Months  of  1957 
at  Bagdad  Mine 


Percent  of 
Total  Cost 


Direct  Labor 

3.06 

Other  Direct  Charges 

0.39 

Primary  Drilling 

9.57 

Secondary  Drilling 

1.11 

Blasting  Supplies 

11.28 

Loading 

17.35 

Haulage 

45.78 

Dozers  and  Graders 

8.40 

Miscellaneous 

3.06 

Total 

100.00 

Source:  S.D.  Woodruff,  Methods  of  Working  Coal  and  Metal  Mines,  New  York:  Pergamon 
Press,  1966.  Vol.  3,p.  531. 


B.  Estimated  Stripping  Costs  at  Open  Pit  Iron  Mines  in  the  United  States  and  Canada 


Cost  (in  dollars 


per  ton  of 

Operations  ore  mined) 

Erie  Mining  Co.,  Minnesota  0.20 

Reserve  Mining  Co.,  Minnesota  0. 1 0 

Empire-Cleveland  Cliffs,  Michigan  0.05 

Groveland-Hanna,  Michigan  0. 1 0 

Republic-Cleveland  Cliffs,  Michigan  0.20 

Carol-Iron  Ore  Co.,  Canada  0.02 

Quebec  Cartier,  Canada  0.24 


Source  of  Data:  J.K.  Hammes,  Die  Economics  of  Producing  and  Delivering  Pellets,  paper 

presented  before  the  Minnesota  Section,  American  Institute  of  Mining, 
Metallurgical,  and  Petroleum  Engineers. 
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Table  22 


INVESTMENT  IN  PRINCIPAL  CAPITAL 
NEW  MINING  OPERATIONS3 
1956  -  1966 


Development 

Cost 

(millions  of 

Type  of 

Product  n 
Capacii 
( tons  p 

Property 

Commodity 

dollars) 

Mine 

day) 

Immel  Mine,  Tennessee 

Zinc 

3.9 

Underground 
Mine,  Mill 

3,000 

Gullbridge  Mine,  Newfoundland 

Copper 

2.7 

Underground, 

Mill 

1,500 

Mission  Mine,  Arizona 

Copper 

33.0 

Open  Pit,  Mill 

15,000 

Fletcher  Mine,  Missouri 

Lead 

11.5 

Underground, 

Mill 

5,000 

St.  Lawrence,  Quebec 

Columbium 

2.8 

Open  pit, 

Complex  flo¬ 
tation  mill 

1,000 

Palabora,  Transvaal 

Copper 

103.95 

Open  pit,  Mill 
and  Smelter 

33,000 

Alice  Arm,  British  Columbia 

Molybdenum 

19.8 

Open  pit,  Mill, 
Wharf,  and  Town 

6,000 

San  Manuel,  Arizona 

Copper 

119.0 

Underground, 

Mill,  and 

Smelter 

35,000 

Whalesback,  Newfoundland 

Copper 

7.0 

Underground, 

Mill 

2,000 

Cupra,  Quevec 

Copper 

2.0 

Underground, 

Mill 

500 

Ozark,  Missouri 

Lead 

24.6 

Multiple 

underground, 

Mill 

6,000 

Kidd  Creek,  Ontario 

Copper-Lead- 

Zinc 

25.2 

Open  pit,  Mill 

6,000 

Lac  LaRange, Saskatchewan 

Copper 

3.78 

Underground, 

Mill 

900 

Carlin,  Nevada 

Gold 

j 

10.0 

Open  pit, 
Cyanidation 

Mill 

2,000 
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Table  22  (Cont.) 


ynagh,  Ireland 

Copper-Lead- 

Zinc-Gold 

12.0 

Open  pit, 

Mill 

2,000 

liristmas,  Arizona 

Copper 

24.0 

Underground, 

Mill 

4,000 

io  Blanco  Mine,  Chile 

Copper 

65.0* 

Underground 

With  Railroad, 
Harbor,  Townsite 

10,000 

ixby  Mine,  Missouri 

Lead 

35.0 

Underground, 

Mill  and 

Smelter 

5,000 

logul,  Ireland 

•  Lead-Zinc- 
Gold 

21.0 

Underground, 

Mill 

3,000 

oquepala,  Peru 

Copper 

237.6 

Open  pit,  Mill 
and  Smelter 

33,000 

attle  Mountain,  Nevada 

Copper 

21.9 

Open  pit, 

Flotation 

3,000 

chreiber,  Ontario 

Zinc-Copper 

1.0 

Underground, 

Mill 

100 

rand  Due,  British  Columbia 

Copper 

75.0 

Isolated  site, 

Underground, 

Flotation 

7,500 

otasli  Corp.  of  America, 
Saskatchewan 

Potash 

43.6 

Underground, 

Mill,  Shaft 

Sinking 

4,000 

ine  Point, 

Northwest  Territories 

Zinc-Lead 

120.0 

Underground, 

Mill,  with  432 

Miles  of  Rail¬ 
road  and  with 
Hydro-power 
Development 

5,000 

inia  County,  Arizona 

Copper-Lead- 

Zinc 

2.5 

Underground, 

Mill 

500 

Since  has  been  increased  almost  two  times. 

2ost  is  reported  as  “Cost  of  Project”  or  “Capital  Cost”  and  includes  development,  mine  plant,  mill,  and  in 
<ome  cases,  smelter,  townsite  and  other  facilities. 

ources  of  Data:  Etigineering  and  Mining  Journal,  Mining  Engineering,  and  various  other  periodicals. 

} 

) 
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Table  23 


REPRESENTATIVE  MINE  DEVELOPMENT  COSTS 
IN  THE  UNITED  STATES,  1947  -  1968 


Mine 

(Ranked  by  Cost)  Commodity 


Development  Cost3 


1 

Lead 

$19,000,000 

2 

Evaporite 

5,000,000b 

3 

Lead 

4,000,000 

4 

Sand 

1,700,000 

5 

Iron 

1,098,000 

6 

Potash 

1 ,000,000 

7 

Uranium 

510,000 

8 

Clay 

415,000 

9 

Phosphate 

400,000 

10 

Uranium 

390,000 

1 1 

Uranium 

286,000 

12 

Phosphate 

200,000 

13 

Industrial  Minerals 

165,000 

14 

Uranium 

75,000 

15 

Iron 

70,000 

1 6 

Iron 

50,000 

17 

Uranium 

50,000 

18 

Salt 

46,000 

19 

Phosphate 

40,000 

20 

Limestone 

28,000 

aCost  from  recognition  as  an  orebody  to  first  significant  production. 

^Largely  pilot  plant  testing. 

Source:  Survey  conducted  by  the  Division  of  Economic  and  Business  Research,  The 
University  of  Arizona. 
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4.  Development  Area  Requirements 

periidSDrioJhtotm7an^Tn7  requjrements  for  development  have  changed  since  the 

required  for  the  S  f  f°  haVe  the  spatial  needs'  The  amount  °p  surface  area  generally 
sincc  l947  development  phase  of  mineral  deposit  utilization  has  likewise  grown 

minemls^tilizl'th.n  aVM  Ct°n,t.ribu,ted  to  tbe  need  for  larger  areas  in  the  development  stage  of 

^ydrometal  u  et  l  "Vo  *5*  °f  ‘heSe  has  been  the  increasing  importance  of 

etl  Z  !  T  l0r  minerals  extraction-  Among  the  most  significant  of  the  new 

followed  for  years  ■I't'Hf  ^  m8'  While.  tlle  Practice  of  leaching  old  waste  dumps  has  been 
developed  for  ,|Mmn  \„.  ne.W  minesthe  storage  areas  for  waste  rock  are  being  specifically 
considered  a  class  f  ac’ln®'  n  some  instances  this  material,  once  considered  waste,  is  now 
Develonment^  twT’  .  T8  ,or  t^ditional  beneficiation,  but  ore  nonetheless, 

of  open  nh  mines  dqmp.  Ieaf  "ng  *  similar  in  most  respects  to  the  normal  development 

overburden  l7mn  i  7  1  mUS‘  be  prepared  lor  ™ning  by  removal  of 

more  convention'll  m  S’  edching  ls.camed  out  in  conjunction  with  what  have  been  the 

o° produce "a  mn cen 7 7  °pera“°nS  )vhich  most  of  the  ore  that  is  mined  is  beneficiated 
oner.Hnn  a  "  a  *CW  min,ng  operations,  such  as  the  Ranchers  Bluebird 

o  ei>ltl°  1  d[  Miami’  Arizona,  the  entire  mine  production  is  leached 

base^ha  ’  wii|meS  mU,St  be„placed  Jei,ber  °n  3  solid-  ™Pervi°ns  rock  base  or  on  a  prepared 

I  reparatiorTof  ThF^le  °  7  7  dive7‘he  leach  liquors  to  a  folding  pond  or  resemhr. 
Preparation  of  the  leach  pad  consists  of  first  removing  all  vegetation,  leveling  and  grading 

B  ca  ;e  rth7:eer:  hged‘  W/T  Srd  CrUSh?d  ">«*’  ‘<™pacting,gand  scaling  with  hof  aft 5? 

wider  tL  bef  °f  eacb  material  normally  accelerates  the  extraction  process,  the 

‘  ”  °!ehr  whh,ch  the  given  ‘°nnage  of  rock  may  be  spread,  the  better  the  operation 

leaching  dumps  ^  addltlonal  requirements  for  land  areas  for  development  as 

*r",Cr  aYPe  °f  reeently  introduced  process  in  minerals  extraction  has  had  an  opposite 
t  .  on  di,  edT'7rntS  T  thf,.mine  development  stage.  This  is  the  method,  shnilar 

current  v  In  the Fc  PrOCfSf  f°r  Sulfur  mining’  called  soluli°n  mining.  Solution  mining  is 
rnn!tr f  a  m?  ^"tal  sta«e  the  Shirley  Basin  in  Wyoming  where  the  Utah 
deep  oomT is'7  M'mng  Cf°mpany  is  attempting  to  recover  uranium.  Solution  mining  of 

Regina, Saskatchewan'  "  Pr°dUCt'°n  StagC  3‘  Kali,'m  Chemical  Compa"y's  near 

Development  in  solution  mining,  as  it  is  being  practiced  in  these  operations  consists 
ainly  o  drilling  wells  to  intercept  the  mineralized  horizons  and  then  preparing  some  of 
these  wells  for  injection  ot  the  recovery  liquid  (acid  water  is  used  in  the  recovery  of 
m“”  and  tlle.  remainder  ol  the  wells  for  pumping  out  the  pregnant  solutions.  The  wells 
nust  be  cased  to  isolate  the  mineralized  horizon  from  other  permeable  strata.  Initially  wells 
are  developed  by  high-pressure  jets  to  establish  communication  of  the  fluids  between  the 
injection  and  recovery  wells.  This  operation  is  continued  until  a  satisfactory  flow  rate  is 
established  which  will  maintain  the  desired  production.  With  wells  providing  the  principal 
access  to  the  mineral  to  be  mined,  the  land  area  requirements  of  the  mine  development  stage 
thus  become  more  like  those  ot  petroleum  and  natural  gas  development.  The  needs  for 
surface  processing  plants,  of  course,  remain  as  in  other  types  of  mining 

Probably  the  most  significant  factor  affecting  the  spatial  requirements  of  mine 
development  however,  has  simply  been  the  trend  towards  the  utilization  of  larger  deposits 
of  lower-grade  minerals.  The  development  of  larger  deposits  by  open  pit  methods  has  of 
course,  made  larger  areas  tor  stripping  and  overburden  storage  necessary  in  direct  proportion 
the  size  of  the  orebody  itself.  Even  with  underground  development,  the  larger  the  deposit 
Rmd  usually  also  the  deeper  the  deposit)  the  greater  the  area  needed  for  sufface  faciiiUes 
urthermore,  it  is  also  true  that  the  lower-grade  deposits  that  have  been  developed  since 
4/  have  had  greater  needs  tor  surface  space  for  the  large  beneficiation  plants  than  the 
utilization  of  such  mineral  deposits  has  demanded.  And,  of  course,  all  of  this  space  must  be 
available  even  if  not  in  actual  use  before  production  from  any  orebody  can  begin. 
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Table  24 

SPATIAL  REQUIREMENTS  IN  MINERAL  DEPOSIT 
DEVELOPMENT  IN  THE  UNITED  STATES, 
1947-  1968 


Total  Area  (in  acres) 


(Ranked  by  Area 

Used  in  Development) 

Commodity 

Involved  in 
Development 

Covered  by 
the  Orebody 

1 

Clay 

30,000 

24,000 

2 

Phosphate 

6,400 

8,000 

3 

Lead 

5,000 

500 

4 

i  Phosphate 

2,500 

1,000 

5 

Salt 

2,500 

500 

6 

Copper 

800 

600 

7 

Lead 

800 

800 

8 

Beryllium 

800 

800 

9 

Lead 

500 

500 

10 

Copper 

500 

500 

11 

Lead 

400 

400 

12 

Uranium 

300 

20 

13 

Sand 

300 

300 

14 

Uranium 

210 

80 

15 

Copper-Silver 

200 

100 

16 

Gold-Silver 

160 

80 

17 

Copper 

150 

150 

18 

Gypsum 

120 

2,560 

19 

Barite 

100 

80 

20 

Copper 

100 

100 

21 

Uranium 

80 

80 

22 

Copper 

60 

60 

23 

Limestone 

46 

46 

24 

Uranium 

20 

1 

5 

25 

Uranium 

20 

26 

Iron 

20 

4 

27 

Gypsum 

10 

1,920 

28 

Gypsum 

10 

1,280 

29 

Uranium 

7 

4 

30 

Uranium 

5 

4 

31 

Uranium 

2 

2 

Source:  Survey  conducted  by  the  Division  of  Economic  and  Business  Research,  The 
University  of  Arizona. 
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E.  CHANGES  IN  MINE  DEVELOPMENT  EXPECTED  BY  1985 

Uni^r“le  d?hbt  th,at  Plf, trends  in  mine  development  that  have  taken  place  in  the 

d^adl  The  hend  °f  WOrld  War  11  are  likely  t0  continue  throughout  the  next  two 

omhahlv  LHill  T°US  ckarac*er,stics  of  mineral  deposit  development  will  change,  and  they 

fheDhvsir^feat3"86  Z"8  dlreCtions  alreadV  laid  out.  These  changes  will  be  governed  by 

environments  w  thfS  °h  h  "V""?1  deposits  t0  be  mined  and  by  the  technical  and  economic 
n  [?  m  j°tS  w  thln  whlch  mine  development  must  take  place 

the  ava nahnVf l0P f16" *  in  Z  fUtUre  Wil'  mtdoobtedly  be  more  expensive  as  prices  rise  and 

reauire  anv  ™.ht  near;;iUrface  orebodies  diminishes.  Mine  development  probably  will  not 
ZZZ  substantially  greater  length  of  time  than  at  present,  however.  Technical 

Physical  d'ifficuhfeTto  1°  i development  operations  will  probably  offset  increasing 

physical  difficulties  to  keep  development  times  relatively  steady. 

land  aetI,mh!tdrIO|>mnnt  the  "eXt  tW°  deCades  wiM  Probab|y  require  ever  increasing 
appears  to  be  on  the,rethW  h  m  T"  e,XCep,ions'  The  mineral  industry  of  the  United  States 
nbninB  of  Hecn  m  th.reshold  of  revolutionary  concepts  in  both  mining  and  processing.  The 

the  currenfnrarT  ra  T.Z  Z  chem,cal  solu‘ion  and  pumping  may  be  extended  beyond 
c  current  practice  in  salt  (sodium  chloride)  beds.  One  such  departure  has  already  begun  in 

Duroownf  shTf"  ?0tlSh  ald'  NuC'ear  exPlosives  are  under  intensive  consideration  for  the 
soZion  RaZd  7ng  bunedoreb°dies  s°  tbat  ‘he  minerals  may  be  extracted  by  chemical 
front  s  ofRth7d.  7PP'nu  °  overburden  is  Older  study.  Offshore  mining  and  the  entire 
from  ,  ?a  havl:  become  a  maj°r  attraction.  The  possibilities  for  extracting  minerals 

sea  water  from  the  sea  floor,  and  from  deposits  beneath  the  sea  floor  are  intriguing 

ZhZ  shallow  and  near-shore  mining  installations  have  pointed  out  the  overwhelming 
problems  involved  in  the  broader  marine  environment. 

i  Jhe.  n<Twly  Pr°P°sed  mining  methods  have  a  common  denominator  which  will  require  a 
[i «  y  lon8  Pre-productlon  interval,  greater  amounts  of  capital,  and  perhaps  greater  land 

f \  1,1  eCOnoniic  studies’  the  delineation  of  suitable  reserves,  and 

penmen tal  mining  are  so  costly  that  subsequent  operations  must  be  based  upon  large 
tonnages  and  low  unit  production  costs.  A  large  committment  of  capital  and  a  thorough 
development  program  will  be  required  for  any  future  mine.  As  an  indication  of  the  time 
pattern  to  be  met  in  nuclear  mining,  a  proposed  experimental  effort.  Project  Sloop  at 
Salford  Arizona,  would  require  nine  months  of  Intensive  development  work  before  the 
nuclear  detonation,  plus  nine  months  of  additional  work  before  in-situ  leaching  tests  could 
even  begin.  An  experimental  leaching  program  of  at  least  one  year  would  then  be  required  in 
order  to  gain  enough  data  tor  another  year  or  more  of  performance  evaluation.  As  new 
mining  concepts  begin  to  be  utilized  on  an  economic  basis,  each  one  must  allow  for  a  period 

Safford"18  ^  ^  speci  ic  Slte’  -*ust  as  in  t,le  case  of  the  proposed  nuclear  copper  mining  at 

A  well-made  mine  requires  an  orderly  and  complete  development  program  and  a 
we n-made  mine  provides  for  the  best  use  of  available  mineral  resources.  With  sufficient  time 
aild,  ^x'b‘1,ty’  competent  miners  can  bring  a  profitable  new  industry  into  being  where  none 
existed  before.  With  insufficient  time  and  with  inflexible  pre-production  conditions,  a  mine 
made  at  all,  can  only  be  poorly  made  and  can  then  only  attain  a  portion  of  its  potential 
value.  Such  practice  becomes  a  waste  of  both  natural  and  human  resources. 
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CHAPTER  9 


THE  PRODUCTION  OF  MINERAL  COMMODITIES 


1947^HnZ  r°dUCtu0rL  °f  nonfuel  minerak  changed  since  the  1860’s?  Since 
be  projected  Tot W?  ^  ^  4 947  follo^d  discernible  trends  which  might 


A.  THE  PRODUCTION  PROCESS 
1 .  The  Phases  of  Mineral  Production 


also  reqS  ^dbLfore  a si °  h, a‘.least  'W°  phases’  and  in  ma"y  dances,  a  third  is 
the  earth  The  first  nL  t  COmr"od,ty  can  be  created  from  the  raw  natural  resources  of 
The  second  nh  P  ,  *  T”'"*  the  actual  removal  of  the  mineral  from  the  earth’s  crust 

nrLSna  and  is  tinVOlIe?  Phy,sical  Potion  of  the  raw  mineral  for  either  sale  or  further 
and  si7ine  the  fn?e  eneficiation.  This  phase  may  involve  merely  washing  or  breaking 

elTe  ^  te  materia3  2T'’  a,S°  inV°'Ve  physical  method"  °f  concentration  o 

remove  waste  material  and  increase  the  valuable  content  of  the  remainder. 

n  '  . t  d,  phase  Involves  subjecting  the  mineral  material  to  some  type  of  chemical 

compounds0r?oerotu°rifvtraCt  !!a!.Uab,,e  e'ement  (USUa,ly  a  metal)  from  its  naturally  occurring 
a  natunllv  nr  P  •  y  3  partlcular  chemical  substance,  to  alter  the  chemical  composition  of 

minera  iw  mam  f  T,  ’  °r  sometimes  synthesize  new  compoundfftom  the 

mineral  raw  materials.  These  may  all  be  referred  to  as  nart  of  j  1  , 

of  minerals  production  reierred  to  as  part  of  the  advanced  processing  phase 

■*“ ,b”  — 

2.  Mining  Operations 

it  to*!!  m!ningrmeth°ds  involve  two  fundamental  tasks  -  breaking  the  ore  and  transporting 
whether  bten.epf,Clatlon  or  processin8  plant.  Regardless  of  the  scale  of  the  mining  enterprise 
ulZr!  \  enormous  open  pit  mine  with  its  mammoth  equipment  or  a  small 

breakage^n  mTn'hfe  l!  h3™  '"'r*  "pera,lons  ot  mining  are  performed.  Historically,  ore 
breakage  in  mining  has  been  performed  in  a  conventional  drill  and  blast  cycle  This  cvcle 

involves  drilling  holes  in  the  solid  rock  with  mechanical  drills,  loading  ftc  holes  whh 
xplosivcs,  and  detonating  the  explosives  to  break  the  rock.  While  drilling  equipment  used  in 
underground  mines  where  space  is  restricted  varies  considerably  fimm  large  llm  ", 
machinery,  the  basic  principles  of  the  operations  are  identical 

predondnanMn  -Crt"8-  .th,n  ‘yclic  breaki"8  with  a  drill  and  blast  operation,  is 

predominant  in  soft  rock  mining  today  and  has  been  used  since  the  day  the  pick  and 

shovel  were  invented.  1  he  continuous  breaking  methods  essentially  involve  die  application 

or  Tchanical.  torce  to  the  v,rg'n  ro<*  in  Place,  now  usually  in  the  form  of  rotating  cutters 
chain-saw  type  devices.  While  continuous  excavation  methods  have  been  more 

competitive  in  underground  mining,  large  continuous  excavators  have  also  been  used 
successfully  in  surface  mining.  sc0 

Of  horinentoadVar!Cf  int  excavation  technology  have  resulted  in  large  machines  also  capable 
boring  tlnough  hard  rock  continuously,  although  the  economics  of  these  machines  have 
,  ar  Prevented  their  adaptation  to  actual  volume  production.  Boring  machines  are 
however,  becoming  popular  lor  underground  mine  development  work. 

nee  the  ore  is  broken,  it  then  must  be  transported  to  the  beneficiation  or  processing 
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Quarries  tend  to  be  worked  in  a  single  bench  or  high  wall  because  the  traditionally 
quarried  varieties  of  rock  commonly  occur  as  strata  with  the  only  valuable  or  desirable  rock 

C°~.mo  *  ^  con  *nec*  *°  a  s*n^e  horizon.  The  thickness  of  the  economic  horizon  may  not  be 
su  nciently  great  to  warrant  multiple  bench  development,  but  it  may  be  thicker  than 
esira  e  or  a  single  bench  operation.  The  width  to  be  mined  in  fact  may  vary  considerably, 
thus  the  bench  or  wall  in  a  quarry  tends  to  be  higher  or  lower  than  in  open  pit  mines  where 
multiple  bench  development  permits  a  specific  selection  of  bench  height.  Quarries,  also,  are 
normally  not  as  deep  for  their  lateral  dimensions  as  are  open  pits.  This  is  caused  both  by  the 
layered  occurrence  of  most  quarry  deposits  and  their  comparatively  low  value  and  selling 
price.  1  he  price  of  building  stone  or  aggregate  normally  will  not  support  the  stripping  of  as 
much  overburden  as  even  low-grade  copper  ore.  Furthermore,  quarry  products  must  be 
mined  comparatively  close  to  markets  because  of  their  bulk  and  low  unit  value. 

Strip  mining,  also  called  opencast  or  surface  mining  by  some,  is  the  term  most 
frequently  applied  to  the  surface  mining  of  coal.  Both  terms,  strip  mining  and  opencast 
mining,  are  sometimes  erroneously  used  synonymously  with  open  pit  mining  and  opencut 
mining.  While  strip  mining  has  many  features  in  common  with  open  pit  mining  and 
quarrying,  both  strip  mining  and  dredging  have  the  more  or  less  unique  and  distinguishing 
feature  of  filling  in  previous  excavation  as  mining  progresses. 

Strip  mining  essentially  involves  removing  the  overlying  strata  or  overburden  and 
extracting  tne  valuable  mineral  deposit.  The  mineral  occurrences  to  which  this  method  is 
applicable  are  characteristically  tabular,  flat-lying,  and  relatively  shallow,  such  as  deposits  of 
coal,  clay,  sand,  gravel,  and  some  uranium,  phosphate,  and  placer  deposits.  In  most  instances 
the  overburden,  as  it  is  removed  from  one  portion  of  a  mineral  deposit,  is  used  to  fill  in  the 
hole  left  by  the  previous  removal  of  another  portion  of  the  deposit.  The  disposition  of  waste 
overburden  is  thus  much  less  of  a  problem  in  strip  mining  than  in  other  types  of  surface 

mining  where  the  vertical  dimension  of  a  deposit  does  not  permit  its  complete  removal  from 
an  area  in  one  mining  cycle. 

The  removal  of  overburden  is  an  auxiliary  unit  operation  in  virtually  all  surface  mining 
enterprises.  It  has  its  counterpart  in  underground  mining  in  the  removal  of  waste  from 
haulageways  and  other  openings  driven  in  waste  rock  rather  than  in  ore.  Overburden 
removal  is,  nevertheless,  a  vital  part  of  the  surface  mining  method.  Where  the  overburden  is 
rock,  blasting  is  necessary  to  prepare  it  for  loading  by  shovels.  Where  the  overburden  is 
unconsolidated,  it  can  be  removed  directly  by  dragline,  scraper,  or  other  excavators.  The 
usual  method  used  in  overburden  removal  entails  a  series  of  slices  or  cuts.  The  length  of  each 
cut  is  governed  by  the  width  of  the  deposit  to  be  mined  at  one  time.  The  width  of  the  cut  is 
governed  by  the  size  and  type  of  excavating  equipment  used.  Shovels  and  draglines  can  cast 
and  lift  material  only  so  far,  so  there  is  a  limited  amount  of  material  in  a  given  cut  that  can 
be  moved  at  one  time  without  expensive  rehandling  of  the  material. 

The  initial  cut  in  a  strip  mine  is  called  a  box  cut.  The  waste  material  from  this  cut  must 
be  loaded  and  hauled  away  for  disposition.  The  exposed  mineral  can  then  be  excavated.  As 
the  second  cut  is  made,  the  overburden  is  placed  in  the  void  left  by  the  first  cut,  exposing 
the  mineral  deposit  in  the  second  cut.  This  sequence  of  operations  is  repeated  until  the 
entire  deposit  is  worked  out.  Strip  mining  thus  leaves  behind  a  ridged  surface  somewhat 
higher  in  elevation  than  the  original  ground  level.  If  the  spoil  from  the  box  cut  is  used  to  f  ill 
in  the  final  cut,  no  empty  excavation  remains  from  this  method  of  mining. 

Placers  are  defined  frequently  as  unconsolidated  deposits  of  detrital  material  containing 
valuable  minerals,  and  placer  mining  is  the  surface  removal  of  the  minerals  from  placer 
deposits.  A  unique  characteristic  of  placer  mineral  production  is  that  the  mining  phase 
usually  is  accompanied  immediately  at  the  mining  site  by  primary  beneficiation  using  wet 

gravity  methods  to  physically  separate  the  heavy  mineral  sought  from  the  lighter  sand  and 
gravel. 

Methods  of  mining  placers,  based  on  the  method  of  excavation,  may  be  classified  as  land 
based  operations,  in  which  either  hand  tools,  powered  equipment  or  water  are  used,  or  as 
Boating  plant  operations  in  which  a  dragline  and  floating  washing  plant,  bucket-line  dredge, 
or  hydraulic  dredge  may  be  used.  Regardless  of  the  specific  method  of  placer  mining 
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area.  The  normal  sequence  of  events  involves  loading  the  ore  into  some  haulage  conveyance 
for  transportation  directly  to  the  beneficiation  area,  or  as  is  often  the  case  in  underground 
mining,  to  a  shaft  for  hoisting  to  the  surface  from  whence  it  is  taken  to  the  beneficiation 
plant.  The  scale  on  which  loading  and  haulage  are  performed  varies  enormously  from  surface 

to  underground  mining,  but  these  unit  operations  are  functionally  similar  regardless  of  the 
type  of  mine  involved. 

Underground  ore  transportation  is  often  more  complex  than  the  transportation  systems 
used  in  surface  mines,  for  in  some  mining  methods  the  ore  must  be  handled  (loaded  and 
hauled)  two  or  perhaps  three  tunes.  In  cut  and  fill  stoping,  for  example,  the  ore  must  first 
be  transported  to  the  ore  pass  in  the  stope.  Then  it  is  reloaded  at  the  haulage  level,  and  if 
the  ore  must  be  hoisted,  it  is  reloaded  again  in  skips  at  the  shafts.  In  some  underground 
mines,  however,  advancing  technology  has  allowed  the  simplification  of  these  operations. 
Hie  continuous  mining  machines  used  so  commonly  in  coal  and  potash  mining  combine  the 
ore-breaking  operation  with  the  loading  task.  This  is  also  true  of  the  horizontal  hard-rock 
boring  machines  used  in  some  mine  development  work  today. 

3.  Auxiliary  Unit  Operations 

Depencing  on  the  mining  method  used,  one  or  more  auxiliary  operations  may  be 
encountered.  These  functions  are  not  basic  in  that  they  do  not  directly  involve  the  removal 
ol  the  ore  for  beneficiation,  but  they  are  often  essential  to  the  safe  and  economic  recovery 
ol  the  ore.  Good  ventilation  is  obviously  required  for  safe  underground  mine  operation.  In 
some  mines,  mainly  those  known  to  be  working  deposits  containing  explosive  gases  and 
those  operating  in  extremely  hot  rock  temperatures,  extension  of  the  ventilation  system  is  a 
standard  part  of  the  mining  operation.  In  other  mines,  ventilation  changes  are  made  less 
frequently  but  are  nonetheless  important.  In  all  underground  mines  the  quality  and  quantity 
ol  ventilating  air  are  checked  on  a  regular  basis. 

The  provision  and  maintenance  of  roof  support  is  a  vital  unit  operation  in  many 
underground  mining  systems.  Mining  in  weak,  incompetent  rock  often  requires  immediate 
support  of  the  roof  alter  the  ore  is  removed.  There  are  a  variety  of  support  methods 
available  for  use,  with  timbering  (with  both  wood  and  steel),  concreting,  and  rock  bolts 
being  the  most  common.  Scaling  is  a  minor  unit  operation  found  in  many  mining  cycles  that 
is  closely  related  to  roof  support.  This  task  involves  prying  down  loose  slabs  of  rock  that 
remain  on  the  lace  or  back  after  blasting  that  might  present  a  safety  problem  during  the  ore 
loadmg  cycle.  Backfilling  is  another  related  unit  operation  in  those  underground  mines  that 
1  mined  out  stopes  with  waste  rock.  Waste  fill  provides  strong  permanent  and  economical 

support  for  stope  walls.  In  competent  rock  formations,  however,  artificial  support,  such  as 
waste  fill,  is  seldom  used. 

Surface  mining  methods  also  involve  some  auxiliary  operations  that  are  not  themselves 
directly  involved  in  the  removal  of  ore  itself  from  the  ground.  These  operations  are 
relatively  consistent,  regardless  of  the  type  of  surface  mining  being  done  or  what  that 
surface  mine  may  be  called. 

4.  Surface  Mining  Methods 

A  quarry  is  usually  defined  as  an  open  or  surface  working  for  the  extraction  of  rock 
such  as  budding  stone,  decorative  stone,  slate,  aggregate,  limestone,  silica,  metallurgical 
luxes,  and  the  like.  The  surface  mining  of  such  nonmetallic  materials  that  are  valuable 
c  lie  y  or  their  physical  properties  is  thus  commonly  called  quarrying,  as  distinguished 
trom  the  open  pit  mining  of  metalliferous  deposits  and  the  strip  mining  of  coal  or  other 
comparatively  thin-bedded  and  flat-lying  deposits.  Regardless  of  the  nomenclature  these 
methods  have  far  more  in  common  than  not.  They  all  go  through  the  same  stages  in  the 
crea  ion  o  a  mining  operation.  They  all  have  either  the  same  or  similar  unit  operations 
trom  rock  breaking  or  loosening  through  loading  and  hauling,  and  each  results  in  an 
excavation  or  open  working  at  some  stage  of  production. 
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Fig.  27  -  Sequence  of  operations  in  strip  mining.  This  method  is  restricted  to  a  select  number  of  mineral 

surf™  Tdiltina  C°H  ^  PGbbler  P*OSphates)  that  occur  in  relatively  thin,  horizontal  beds  close  to  the 
LL?  d,stm9u,sh,n9  feature  of  the  method  is  that  it  involves  filling  the  previously  excavated  hole  with 
overburden  stripped  from  new  "ore”  as  mining  progresses.  excavated  hole  w,th 
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5.  Other  Mining  Methods 

Even  modern  solution  mining  and  in-place  leaching  processes  follow  this  same  seauence 
o  operations.  The  principal  methods  of  leaching  used  at  present  are  dump  heap  in-vlace 
and  va.  These  methods  are  interrelated,  and  many  items  cSere7necet 
for  effective  eaching  by  one  method  are  applicable  to  the  other  methods  ^ 

currenT  ainenbrehT.8  i”VOlves  thf  leaching  of  broken  ore  in  the  ground  as  it  occurs.  Much 
rent  in-place  leaching  employs  the  dissolution  of  copper  minerals  contained  in 

underground  mines  that  previously  utilized  block-caving  mining  methods  Although  heap 

dump  and  vat  leaching  may  perhaps  be  more  properly  considered  advanced  processing 

been*  removed  from  Z  e  p™cesses.  used  to  extract  metal  from  rock  that  has  already 

.hi!  „  r  f  f  u  h  th’  ln'place  or  m'situ  leaching  is  an  actual  mining  operation  In 
°‘  teaching,  as  well  as  in  the  Frasch  process  for  mining  sulfur  and  in  the  methods 
of  solution  mining  used  to  recover  various  evaporite  minerals  the  mineral  sought  i 
converted  to  a  fluid  state,  collected,  and  pumped  from  the  ground  The  teSe 
equipment,  and  nomenclatures  are  different,  but  the  principles  are  basically  the  same.  Q  ’ 

6.  Beneficiation  Operations 

The  beneficiation  phase  of  minerals  production,  like  the  mining  phase  consists  of  a 

“  ?f  min°r  proces^es:  Unlike  mining,  however,  the  principles  involved  in  some  of 
se  unit  processes  may  differ  widely  from  one  commodity  to  another.  Some  however  are 
basic  to  all  (or  nearly  all)  minerals.  *  nowever’  are 

Metalliferous  minerals  are  usually  not  found  in  pure  form.  They  are  most  often  mixed 
with  rock  and  other  unwanted  materials,  and  are  usually  found  as  compounds  of  several 
ments-  Physical  separation  of  the  various  mineral  compounds  is  the  first  of  many 

^•^flClatl[)n  .f eps  that  eventually  provide  the  concentrated  mineral  needed.  Crushing 
grmding,  classifying,  and  some  kind  of  concentrating  are  the  steps  normally  used 

m-nAf  errnmg  and  brfore  actually  separating  the  valuable  ore  minerals  from  the  gangue 

ihp  alnm  ^  ^  Tu  fffSt u&  prepared'  First>  the  ore  mineral  grains  must  be  liberated  from 
t  le  gangue  minerals  by  washmg,  and/or  crushing  and  grinding.  Second  if  it  is  necessary  the 

Prede“ed  PartidC  SiZC  WhlCh  beSt  tbe  p"ar 

minerals.  For  example,  the  differences  in  color  and  luster  are  utilized  in  hand  picking  while 
d  fferences  in  density  permit  separation  by  various  methods  of  gravity  concentration  and 
differences  in  magnetic  properties  permit  concentration  by  the  use  of  electro-magnets 
Impure  metals  are  then  extracted  from  high-grade  ores  and  concentrates  by  advanced 
processes  known  as  pyrometailurgical  or  hydrometallurgical  processes  and  thenrefined  by 
these  same  processes,  or  by  electrometallurgical  processes.  V 

.  .I16  recovery  °f  metals  from  ores  is,  for  the  most  part,  a  series  of  step-by-step  processes 

is  J  rHC?VTy ,?  S°me  metals  recluires  more  steps  than  others.  Usually  each  unit  process 
.  esigned  to  lead  to  another  until  the  most  useful  form  of  metal  is  produced  The  Drocess 

of  crushing  ore  for  instance,  most  often  leads  to  grinding,  and  grading  leads  to 
da  sification,  and  so  on  through  all  the  processes  necessary  to  produce  fhe  mefal  desired 

desired  prdeuc?mayb™Stakne8nieadS  ‘°  ,eaChin8’  °r  a"d  3  different  route  to  the 

Most  metalliferous  ores  are  not  rich  enough  in  metals  or  low  enough  in  detrimental 


366 


impurities  to  permit  direct  chemical  extraction  of  their  valuable  content.  Consequently, 
these  ores  undergo  beneficiation  processes  which  are  the  mechanical  processes  involved  in 
c  anging  raw  ore  (usually  low-grade  ore)  to  an  enriched  material  called  concentrate. 
BeneficmtKDn  is  also  often  called  ore  dressing,  milling,  or  mineral  dressing. 

There  are  two  distinct  advantages  in  making  a  concentrate  from  low-grade  ore.  First 
mechanical  methods  of  rejecting  waste  material  are  usually  cheaper  than  chemical  methods.’ 
becond,  the  rejected  waste  material  which  can  be  removed  does  not  have  to  be  shipped 
which  saves  freight  costs.  There  are  a  few  beneficiation  steps  which  most  metalliferous 

minerals  undergo  before  they  are  concentrated,  and  these  include  the  unit  processes  of 
crushing,  grinding,  and  sizing. 

,  .  Crushing  snd  grinding  are  almost  always  done  in  two  or  more  stages  using  different 
kinds  ot  machines,  because  such  multi-stage  size  reduction  has  been  found  less  expensive 
and  more  ef  ficient.  In  crushing  and  grinding  circuits,  there  are  also  several  types  of  sizing 
devices  which  may  be  found.  Primary  crushers  are  designed  to  accept  a  maximum  size  ore 
and  sometimes  grizzlies  (heavy  gratings)  are  used  to  prevent  oversized  ore  fragments  from 
entering  the  crushers.  Screens  are  used  to  pass  finely  crushed  material  to  the  next  processing 
uni  an  to  return  oversized  particles  for  recrushing.  Classifiers  also  effect  a  size  separation 
by  taking  advantage  of  the  different  settling  rates  in  a  fluid  of  particles  which  have  varying 

shapes,  sizes,  and  densities.  The  chief  use  of  classifiers  is  to  recirculate  oversized  particles 
back  to  a  grinding  unit. 

The  concentration  of  ore  may  actually  start  in  the  mining  operation,  using  conventional 
methods  by  selectively  mining  ore  away  from  waste.  Some  ores  may  be  broken  and 
upgraded  simply  by  washing  to  disintegrate  and  float  away  adhering  clay  or  other  fine 
grained  material  from  the  coarser  portion  of  the  ore.  As  an  example,  iron-bearing  material 

containing  clay  and  sand  mixed  with  coarse  hard  iron  minerals  is  often  beneficiated  simply 
by  washing. 

Industrial  minerals  are  generally  low-priced  commodities  which  cannot  stand  expensive 
beneficiation  or  advanced  treatment.  Although  some  of  the  processes  for  extracting  and 
upgrading  industrial  minerals  have  become  highly  technical,  they  are  generally  less  complex 
than  those  used  with  metalliferous  ores.  Many  industrial  minerals  are  only  crushed  and  sized 
before  going  on  to  the  advanced  processing  phase  while  others  may  be  only  sized  and 
washed  before  being  sold.  Some,  however,  such  as  phosphates,  must  also  be  concentrated  in 
a  manner  similar  to  the  production  of  metallic  mineral  concentrates. 

7.  Advanced  Processing  Operations 

In  the  advanced  processing  phase  of  mineral  production,  various  chemical  processes  are 
used  to  extract  a  valuable  commodity  from  its  natural  compounds,  to  purify  it,  and/or  to 
produce  other  useable  chemical  compounds  or  substances.  In  these  advanced  processing 
operations,  the  chemical  reactions  involved,  and  thus  the  various  stages  of  the  process  itself, 
are  often  quite  different,  with  considerable  variation  from  one  commodity  to  another. 
Certain  unit  processes,  however,  are  widely  used  in  the  production  of  various  commodities. 

Ores  or  concentrates  derived  from  the  several  processes  of  beneficiation  generally 
require  further  treatment.  Many  metals  are  extracted  from  their  ores  and  concentrates  by 
pyrometallu rgical  methods.  The  extraction  of  metals  from  ore  and  concentrates  by 
pyrometallurgical  methods,  for  the  most  part,  involves  a  series  of  step-by-step  unit 
operations,  with  the  recovery  of  some  metals  requiring  more  operations  than  others.  Usually 
each  operation  is  designed  to  lead  to  another  until  the  most  useful  form  of  the  metal  sought 
is  acquired.  For  example,  the  smelting  of  an  ore  or  concentrate  often  leads  to  a  process  of 
converting  and  subsequently  to  refining  if  that  is  necessary  to  produce  the  metal  desired. 

Pyrometallurgy  means,  literally,  tire  metallurgy  and  involves  such  processes  as  roasting, 
smelting,  and  refining  or  any  heating  process  used  as  the  means  to  effect  metal  recovery. 
Practically  all  iron  and  steel,  nickel,  tin,  most  copper  and  a  large  proportion  of  zinc,  gold, 
and  silver,  as  well  as  many  of  the  minor  metals  are  won  from  their  ores  and  concentrates  by 
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Table  25 


EARLY  ORE  TREATMENT  METHODS 
(known  prior  to  1872) 


Process 


Date  of  Initial  Development 


Gold  washed  from  alluvial 
Copper  reduced  from  ores  by  smelting 
Tin  reduced  from  ores  by  smelting 
Iron  reduced  from  ores  by  smelting 
Soda  mined  and  used 
Gold  reduced  from  ores  by  concentration 
Silver  reduced  from  ores  by  smelting 
Lead  reduced  from  ores  by  smelting 

Silver  parted  from  lead  by  cupellation 
Steel  produced 

Base  metals  separated  from  ores  by  water 
concentration 
Gold  refined  by  cupellation 
Sulfide  ores  smelted  for  lead 
Mercury  reduced  from  ores  by  .  .(?) 

Quicksilver  reduced  from  ore  by  distillation 
Silver  parted  from  gold  by  cementation  with  salt 
Zinc  oxides  obtained  from  furnace  fumes  by 
construction  of  dust  chambers 
Antimony  reduced  from  ores  by  smelting  (accidental) 
Cold  recovered  by  amalgamation 
Re  fin  mg  of  copper  by  repeated  fusion 
Sulphide  ores  smelted  for  copper 
Copper  refined  by  oxidation  and  poling 
Gold  parted  from  copper  by  cupelling  with  lead 
Gold  parted  from  silver  by  fusion  with  sulfur 
Gold  parted  from  silver  by  nitric  acid 
Gold  parted  from  silver  with  antimony  sulfide 
Gold  parted  from  copper  with  sulfur 
Silver  parted  from  iron  with  antimony  sulfide 
Silver  recovered  from  ores  by  amalgamation 
Separation  of  silver  from  copper  by  liquation 
Roasting  copper  ores  prior  to  smelting 
Stamp-mill  used 
Bismuth  reduced  from  ore 
Zinc  reduced  from  ore  (accidental) 


Prior  to  recorded  civilization 
Prior  to  recorded  civilization 
Prior  to  3500  B.C. 

Prior  to  3500  B.C. 

Prior  to  3500  B.C 
Prior  to  2500  B.C 
Prior  to  2000  B.C 
Prior  to  2000  B.C.  (perhaps  prior 

to  3500  B.C.) 
Prior  to  2000  B.C. 

Prior  to  1000  B.C. 


Prior  to  500  B.C. 
Prior  to  500  B.C. 
Prior  to  500  B.C. 
Prior  to  400  B.C. 
Prior  to  Christian  Era 
Prior  to  Christian  Era 


Prior  to  Christian  Era 
Prior  to  Christian  Era 
Prior  to  Christian  Era 
Prior  to  Christian  Era 
Prior  to  Christian  Era 
Prior  to  1 200  A.D. 
Prior  to  1 200  A.D. 
Prior  to  1 200  A.D. 
Prior  to  1400  A.D. 
Prior  to  1 500  A.D. 
Prior  to  1500  A.D. 
Prior  to  1500  A.D. 
Prior  to  1  500  A.D. 
Prior  to  1 540  A.D. 
Prior  to  1550  A.D. 
Prior  to  1  550  A.D. 
Prior  to  1550  A.D. 
Prior  to  1  550  A.D. 


Source: 


Georgius  Agricola,  De  Re  Metallica 
by  Herbert  C.  Hoover  and  Lou  h’ 
1950,  p.354. 


translated  from  the  first  Latin  edition  of  1556 
Hoover;  New  York:  Dover  Publications,  Inc., 
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pyrometal|ur8ical  methods.  It  is  the  most  important  and  the  oldest  of  the  extractive  mineral 
processes. 

rpmnv(^efrnLtllerSyr°metallUr8iCal  Unit  °Perat^ons  include  drying  (in  which  moisture  is 
j  •  ,  s.°  ld  ore’  concentrate,  or  flux),  calcining  (in  which  solid  material  is  heated  to 

nrnri.  nJ  V°lat^Q  comP°nents),  roasting  (in  which  heating  involves  a  chemical  reaction  to 
incinient 3fnciV»  Cfert^m  ^on\P°nents  of  the  solids),  sintering  (in  which  heating  causes  an 

wh  ch  Lltin  °f  me  y  dlVlded  S°lld  particles  to  form  a  Porous  cake),  distillation  (in 
r  heating  causes  vaporization  and  subsequent  condensation  of  the  metal  to  be 

recovered)  smelting  (in  which  heating  puts  ore  or  concentrates  and  flux  into  a  liquid  state) 
7hlCh  i 1QUld  metal-bearing  material  is  oxidized  to  remove  or  separate  most  of 
oxiliH'r  thH  metal)’  *ndfire  refining  (in  which  impure  liquid  metal  is  generally 
metals)d  *  hminate  the  impunties  which  can  be  readily  separated  from  the  purified  liquid 

^°Km®  m,rral  commodities,  such  as  a  number  of  the  industrial  minerals,  need  only  be 
d  led  before  they  are  marketed.  Metalliferous  ores  and  concentrates,  however,  are  sometimes 
ned  because  they  contain  sufficient  moisture  after  beneficiation  to  reduce  the  efficiency  of 
the  advanced  process  to  follow.  Roasting  or  smelting  furnaces  may  serve  as  driers,  but 
rying  as  a  separate  operation  is  sometimes  necessary  to  improve  efficiency.  Often  a  process 
will  require  dry  material.  Moist  converter  flux,  for  example,  will  react  explosively  with  the 
liquid  matte  in  a  copper  converter,  and  therefore  must  be  dried  first. 

Calcining  is  a  pyrometallurgical  process  that  is  also  applied  to  a  number  of  industrial 
minerals,  particularly  those  which  occur  as  carbonates  or  which  naturally  contain  water 
molecules  within  their  crystalline  structures.  Limestone  and  gypsum,  for  example,  are 
commonly  calcined  in  the  first  (and  sometimes  only)  stage  of  their  advanced  processing 

Hydrometallurgy  is  the  treatment  of  ore,  concentrates,  and  other  metal-bearing 
materials  by  wet  processes,  usually  involving  the  solution  of  some  component  and  its 
subsequent  recovery  from  the  solution.  The  dissolution  of  the  valuable  metals  is  called 
filing  and  the  metals  are  recovered  from  leach  solution  by  precipitation,  ion  exchange 
methods  or  by  electrolysis.  Copper,  gold,  silver,  and  uranium  are  the  principal  metals 
recovered  by  hydrometallurgical  processes  in  the  United  States.  These  metals  may  be 
recovered  by  other  processes,  however,  depending  upon  the  physical  and  chemical 
properties  of  the  particular  ore  being  treated. 

Amalgamation  is  the  production  of  an  amalgam  or  alloy  of  mercury  and  is  considered  a 
hydrometahurgical  process  although  it  does  not  involve  water  and  does  not  resemble  other 
types  of  leaching  operations.  Native  gold  and  silver  are  sometimes  concentrated  by 
amalgamation  methods.  Clean  gold  or  silver,  when  brought  into  contact  with  liquid 
mercury,  will  alloy  to  form  mercury-coated  particles  which  have  surface  properties  similar 
to  those  of  pure  mercury.  In  amalgamation  this  alloy  is  treated  by  distillation  and  the  gold 
and  silver  subsequently  recovered. 

Electrometallurgy  is  a  term  covering  the  various  electrical  processes  for  the  industrial 
working  of  metals.  It  includes  the  extraction  and  refining  of  metals  by  use  of  electric 
currents  and  the  operations  in  electric  furnaces  where  electric  current  or  arcs  are  used  to 
supply  heat.  Electrolysis  involves  the  extraction  and  refining  of  metals  by  use  of  electric 
currents  and  includes  the  electrolysis  of  aqueous  solution  as  well  as  the  electrolysis  of 
igneous  fusions  or  molten  salts.  The  electrolysis  of  aqueous  solutions  includes  the 
electrolytic  extraction  of  metals  from  leaching  solutions  by  electrolysis  (electrowinning)  and 
the  electrolytic  refining  of  metals.  6 


Various  other  chemical  processes,  some  complex,  some  relatively  simple,  are  also  used  in 
the  advanced  treatment  of  mineral  commodities.  Some  minerals  may  be  subjected  to  many 
different  processes,  depending  upon  the  nature  of  the  desired  product.  The  requirements  of 
the  market  and  the  characteristics  of  the  naturally-occurring  mineral  both  dictate  the 
method  or  methods  of  advanced  processing  that  will  be  used  in  mineral  production. 
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B.  MINERALS  PRODUCTION  PRIOR  TO  1872 
1 .  Phases  of  Production 

Minerals  production  in  the  United  States  in  the  1850’s  and  1860’s  was  conducted 
mostly  on  a  small  scale  by  large  numbers  of  individual  miners  and  small  mining  companies. 
The  processes  used  were  generally  less  complex  than  those  of  today  and  required  far  more 
manual  labor.  Nevertheless,  many  of  the  minerals  production  processes  were  basically 
identical,  at  least  in  principle,  with  those  of  the  present. 

In  the  mining  phase  of  production,  then  as  now,  the  mineral-bearing  rock  was  broken  or 
loosened,  loaded  onto  some  means  of  transportation,  and  transported  to  the  beneficiation 
plant.  There  it  was  reduced  in  size  to  free  the  desired  minerals  from  the  gangue  matrix  in 
which  they  were  found,  and  then  it  was  treated  further,  if  necessary,  to  recover  the 
particular  commodity  sought. 

While  the  basic  procedures  of  mining,  beneficiation,  and  advanced  processing  were  in 
existence  prior  to  1872,  the  specific  methods  and  techniques  used  were  quite  different  and 
varied  from  one  commodity  to  another.  Although  iron,  copper,  and  lead  as  well  as  some 
industrial  minerals  were  being  mined  in  the  Eastern  United  States  in  the  1850’s  and  1860’s, 
the  principal  minerals  mined  in  the  West  were  gold,  silver,  and  mercury.  The  modes  of 

occurrence  and  high  unit  values  of  the  ores  mined  were  reflected  in  the  mining  methods 
used. 

2.  Placer  Gold  Mining 


Placer  gold  deposits  were  among  the  first  major  mineral  deposits  discovered  and  worked 
in  the  West,  and  the  technology  of  placer  mining  quickly  grew  throughout  the  region.  In 
addition  to  the  early  deposits  in  the  central  valley  of  California,  placers  were  discovered  in 
Gold  Canyon  in  Nevada  in  1 849,  in  Southwestern  Oregon  in  1 850,  at  Gila  City  and  LaPaz  in 
Arizona  prior  to  1858  and  in  1  862,  respectively,  on  the  North  Fork  of  the  Clearwater  River 
in  Idaho  in  1860,  in  Colorado  in  1858,  near  Old  Fort  Colville,  Washington,  in  1855,  along 
Gold  Creek  in  Powell  County,  Montana,  in  1852,  in  Lincoln  County,  New  Mexico,  in  1865, 
and  in  Bingham  Canyon,  Utah,  in  1864.  The  Utah  discovery  was  unusual  in  that  the  lodes 
from  which  the  placers  derived  were  discovered  in  1 863  before  the  discovery  of  the  placers. 

As  the  rich  surface  placers  were  washed  out,  lower-grade  placers  became  of  interest.  In 
1852,  just  four  years  after  the  commencement  of  the  California  gold  rush,  the  hydraulic 
gold  mining  industry  came  into  existence  in  that  state.  The  newer  mining  method  was  based 
on  the  use  of  directed,  high-pressure  streams  of  water  to  rapidly  excavate  and  make  available 
for  gravity  concentration  large  amounts  of  auriferous  gravel.  The  method  was  cheap  and 
permitted  the  working  of  iarge  bodies  of  gravel  at  a  profit  even  when  their  gold  content  was 
only  1 0 4  per  cubic  yard  or  less. 

Some  of  the  larger  placer  deposits  were  worked  underground.  Drift  mining  in  ancient 
buried  stream  channels  was  started  at  Forest  Hill  in  Placer  County,  California,  in  1852  and 
was  an  important  source  of  placer  gold  by  1866.  During  the  1860’s  and  continuing  to  about 
1 890,  the  drift  or  underground  mining  of  placers  was  most  productive. 

Nevertheless,  hydraulic  mining  quickly  became  and  remained  for  much  of  the  period 
before  1872  the  dominant  form  of  placer  mining.  In  the  hydraulic  method,  a  high-pressure 
stream  of  water  was  directed  against  a  bank  of  loosely  consolidated  gravel  through  a  hose 
and  nozzle  device  known  commonly  as  a  giant.  A  giant  was  capable  of  a  colossal  amount  of 
clearing.  With  a  nozzle  three  inches  in  diameter  and  when  supplied  with  adequate  water 
pressure,  it  could  wash  as  much  as  600  cubic  yards  of  gravel  in  ten  hours,  with  only  three 
men  required  to  operate  it.  At  first  the  miners  thought  that  the  quantity  of  water  they 
pushed  through  the  pipe  depended  on  the  height  from  which  they  could  take  it  rather  than 
on  the  shape  and  form  of  the  hose  and  the  nozzle  as  well.  But  early  troubles  were  not  with 
the  necessary  lessons  of  hydraulics  but  with  the  hose  itself.  The  strongest  duck  and  leather 
hose  would  not  hold  more  than  about  80  feet  of  water  pressure  and  was  usually  worn  out 
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The  hydraulic  elevator  utilized  a  powerful  jet  of  water  directed  up  the  center  of  an 

forced  tip  The  diri  foT  fl tMe  m°Uth  °f  the  jet’  ,he  gravel  was  then 
'u  “,  i  noTl  T  ,he  ‘nClmed  pipe'  The  rubble  hydraulic  elevator  consisted  of  a  chute 

,  ,  ^et  ong’  inclmed  at  an  angle  of  about  20  degrees  to  the  horizontal  The  chute 

ttrtt  b0lt0mf  al°ng  ?he  IOWCr  20  feet’  but  the  uPPer  section  was  fitted  with  transverse 
gr  zly  bars  set  a  few  inches  apart.  The  working  giant  drove  the  gravel  to  the  foot  of  the 

elevator  from  which  point  a  second  giant  drove  the  material  up  and  over  the  grizzly  A 

urther  development  ot  these  hydraulic  elevator  techniques  involved  sinking  a  shaft  into  the 

hfhn?f  3  P  rT  dep°,Slt’  then  the  glants  were  brought  in  and  washed  everything  down  to 
the  bottom  of  the  workings,  where  a  series  of  sluices  carried  the  gravel  away. 

aT  y  pIacer  mining,  particularly  by  hydraulic  techniques,  required  large  amounts  of 
water  throughout  the  operating  cycle.  Considerable  water  was  therefore  diverted  from  other 
actua1  and  potential  uses  to  permit  the  production  of  placer  gold.  Moreover,  the  effluvia 

d  e  develn  y  r*  81  ted  StFeam  channeIs>  Promoted  flooding,  and  seriously  hindered 
development  of  agriculture  on  the  flood  plains.  Farmers  were  incensed  and  legal  battles 
over  rights  followed  lead  mg  to  an  avalanche  of  legislation  forbidding  hydraulic  mining  on 
navigdb  e  Iilvers  anywhere  in  California.  Even  on  those  streams  where  it  was  permitted!* the 
o  ensive  detritus  had  to  be  removed.  To  do  this,  water  wheels  were  installed  and  driven  by 

to  £?rry  *he  taibngs  from  a  reservoir  built  below  the  sluices  to  flumes  at  a  higher 
elevation.  These  flumes  then  discharged  the  stuff  to  some  unfrequented  and  forgotten  gulch 
1  he  high  costs  involved  in  treating  this  waste  forced  many  hydraulicers  out  of  business. 
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3.  Other  Precious  Metal  Mining 

The  importance  of  placer  gold  mining,  however,  soon  gave  way  to  hard-rock  or  lode 
mining.  Kit  Carson  and  two  associates  discovered  the  Mariposa  Mine,  a  lode  gold  deposit,  in 
California  in  1 849  and  it  was  put  into  production  the  same  year.  Gold-bearing  quartz  was 
found  on  Gold  Hill  at  Grass  Valley  in  the  Mother  Lode  country  of  California  in  June,  1850, 
and  was  so  rich  and  gold  so  plentiful  there  that  for  a  time  the  miners  feared  gold  would  lose 
its  value.  The  first  gold  quartz  claims  were  located  on  the  Mother  Lode  in  Amador  County, 
California,  in  1850  and  probably  during  the  same  year  in  the  other  mining  counties.59 

In  Nevada,  the  search  for  the  sources  of  placers  led  to  the  discovery  of  the  gold  and 
silver  veins  of  the  Comstock  Lode  in  1859,  and  in  Arizona,  to  the  discovery  of  the  Vulture 
Mine  in  1863.  In  Idaho,  gold  quartz  discoveries  were  made  in  1862  near  Placerville,  in  1863 
at  Rocky  Bar  and  Silver  City,  and  in  1 864  at  Atlanta.  Nevertheless,  major  gold  production 
from  quartz  lodes  in  Idaho  did  not  begin  until  the  1880’s.60  Lode  gold  mining  did  not 
commence  in  Washington  until  the  1870’s,  locations  being  made  in  Okanagan  County  in 
1871  and  in  the  Index  and  Blewett  districts  in  1 874.  The  first  lode  mine  in  Montana  is  said 
to  have  been  discovered  in  1862  in  the  Bannock  District.  In  New  Mexico,  gold-quartz  veins 
were  discovered  at  Hillsboro  in  1 877. 6  1 

The  development  of  the  lode  deposits  was  generally  much  slower  than  that  of  the  placer 
deposits  due  to  the  comparative  difficulty  of  production  from  the  lode  deposits  and  to  the 
hazards  presented  by  hostile  Indians  in  some  regions.  By  1865,  placer  deposits  were  being 
worked  in  nearly  all  the  Oregon  districts  of  prominence  known  today,  but  lode  mining  did 
not  really  develop  until  1 882-1 888,  after  production  had  declined  markedly  from  placers. 
Guerilla  warfare  waged  by  hostile  Indians  made  it  virtually  impossible  to  operate  mines  in 
Arizona  until  the  1870’s.  Prior  to  this  date,  only  one  lode  gold  mine  of  importance  was 
worked  in  the  Territory.  In  1 872  large  reservations  were  set  aside  for  the  Indians,  but  the 
price  of  gold  was  low  and  production  from  lode  gold  deposits  in  Arizona  did  not  really  get 
started  until  the  fall  of  other  commodity  prices  (and  the  resultant  rise  in  the  price  of  gold) 
in  1 884. 

In  Arizona  and  New  Mexico,  silver  mining  had  been  carried  on  prior  to  the  Gadsden 
Purchase,  and  the  whereabouts  of  the  silver  mining  districts  were  known  to  some  United 
States  citizens  interested  in  mining.  Charles  Poston  and  Herman  Ehrenberg,  a  mining 
engineer  and  a  metallurgist,  reconnoitered  some  of  the  old  silver  districts  of  Southern 
Arizona  as  early  as  1854,  the  year  of  the  Gadsden  Purchase.  On  the  basis  of  their 
observations  and  sampling,  they  organized  the  Sonora  Exploring  and  Mining  Company,  with 
$100,000  cash.  The  company  subsequently  acquired  the  Arivaca  Ranch  of  17,000  acres  in 
Southern  Arizona  which  included  some  80  mining  claims.  The  company  operated  several 
mines,  some  of  them  through  its  subsidiary,  the  Santa  Rita  Mining  Company. 

Mining  in  Southern  Arizona  and  New  Mexico  came  to  a  virtual  standstill  during  the  Civil 
War,  primarily  because  of  the  lack  of  troops  to  protect  prospectors  and  miners  from  hostile 
Indians.  It  did  not  take  long  after  the  end  of  the  war  for  interest  in  mining  in  these 
territories  to  be  rekindled,  however,  and  silver  deposits  were  again  sought.  In  the  1870’s  the 
McCracken,  McMillenville,  Richmond  Basin,  Silver  King,  Peck,  Tip  Top,  and  Tombstone 
deposits  were  found  in  Arizona.  These  were  all  principally  valuable  for  silver. 

Lead-silver  deposits  were  one  of  the  two  most  important  sources  of  silver  in  the  West 
during  the  period  from  1 860  to  1 880,  but  it  was  not  until  after  the  coming  of  the  railroads 
that  lead  became  an  important  factor  in  the  evaluation  of  such  deposits.  Even  then  it  was 
still  silver  which  was  sought,  with  lead  considered  an  important  by-product.  Zinc  did  not 
become  important  in  the  evaluation  of  base  metal-silver  deposits  until  much  later. 

4.  Early  Copper  Mining 

The  situation  was  different  with  copper.  In  a  few  instances  in  the  period  from  1860  to 
1880,  copper  deposits  were  sought  solely  or  primarily  for  their  copper  content.  Outcrops  of 
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rich  copper  ores  were  known  in  Arizona  and  New  Mexico  for  years  prior  to  the  California 

gold  rush.  Examples  of  these  are  the  deposits  at  Santa  Rita,  New  Mexico,  and  Ajo,  Arizona. 

,oc,  I0™  Mining  and  Tradmg  Company  produced  high-grade  copper  ore  at  Ajo  from 
1 854  through  1 859. 

Prospectors  searchillg  for  Sold  and  silver  discovered  other  copper  deposits  in  California, 
Utah,  Nevada,  Montana,  New  Mexico,  and  Arizona.  In  November,  1860,  the  initial  discovery 
of  copper  ore  was  made  in  the  Foothill  Belt  of  California  by  a  gold  prospector.  The  outcrop 
contained  gold  and  a  mineral  unknown  to  the  prospector.  An  analysis  showed  that  the  ore 
contained  30  percent  copper  and  was  worth  $120  per  ton.  “When  this  became  know,  local 
excitement  broke  out  and  soon  spread  to  other  parts  of  the  Foothill  Belt,  hundreds  of 
claims  being  staked  and  recorded.”62  The  copper  boom  continued  through  the  Civil  War 
years.  It  has  been  estimated  that  by  1866  over  100,000  tons  of  copper  ore,  valued  at  over 
$5,000,000,  had  been  taken  out  of  California  mines. 

Until  the  railroads  reached  the  copper  districts,  only  the  richest  ores  were  mined.  This  is 
easily  understood  in  light  of  a  situation  such  as  that  which  prevailed  in  the  Clifton  District 
of  Arizona.  Prior  to  the  arrival  of  the  railroad  in  1881,  copper  bullion  from  the  Longfellow 

Mine  there  had  to  be  hauled  in  wagons  for  700  miles  to  the  nearest  railroad  terminus  in 
Kansas. 

5.  Early  Underground  Mining  Methods 

The  difficulties  in  mining  base  metals  from  hard  rock  in  the  1800’s  were  not  solely  the 
fault  of  inadequate  transportation  facilities.  Before  1 870,  underground  mining  methods  as 
practiced  in  the  Western  United  States  were  scarcely  one  step  removed  from  the  mining 
methods  of  the  Middle  Ages.  Drilling  in  hard  rock  was  accomplished  at  first  with  steel  or 
iron  wedges,  known  as  gads  and  moyles,  driven  home  by  hammers,  which  were  of  two  kinds, 
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the  eight  pound  double-jack  (if  two  men  were  used)  and  the  four  pound  single-jack  (if  one 
man  were  drilling  on  his  own).  The  drills  came  in  progressive  lengths,  the  longer  ones  being 
the  thinnest,  and  were  repeatedly  sharpened  by  the  mine  blacksmith  as  they  became  dulled. 

The  accepted  practice  in  tunneling  was  to  begin  by  opening  a  “cut  hole”  in  the  center  of 
the  rock  face  and  then  drilling  a  set  of  three  converging  holes,  about  two  feet  long  and 
aligned  so  as  to  meet  at  the  top  of  a  pyramid  in  the  center  of  the  face.  The  miner  then 
loaded  the  drilled  holes  with  cartridges  of  black  powder  and  used  a  tamping  bar  to  make  the 
charge  firm.  The  explosive  charges  were  then  detonated  in  proper  sequence. 

In  the  1 870’s  a  great  change  occurred  in  both  drilling  and  blasting.  As  early  as  1849  a 
steam-driven  rock  drill  had  been  patented  in  which  the  drill  bit  was  an  extension  of  the 
piston  rod  and  was  fed  towards  the  rock  as  the  drill  advanced.  Though  widely  used  it  had 
never  been  completely  successful  because  of  the  loss  of  power  of  the  steam  from  the  boiler 
which  of  necessity  had  to  be  located  at  a  considerable  distance  from  the  place  where  the 
drill  was  being  used.  About  1866  the  patent  rights  were  bought  by  Charles  Burleigh  whose 
great  contribution  was  to  make  the  drill  work  by  compressed  air. 

•  FrSm  !UJrle,'igh^  s“ccess  n°wed  a  whole  ran«e  of  rock  drills  that  came  in  all  shapes  and 
sizes  Rand  drills,  Jeffrey  drills,  Ingersoll-Sergeant  drills,  and  Holman-Climax  drills.  All  of 

lem  were  piston  drills  dealing  from  300  to  600  blows  a  minute.  They  were  very  heavy  and 
had  to  be  bolted  to  a  platform,  but  only  two  men  were  required  to  operate  them.  The 
revolutionary  principle,  by  which  air  drove  the  piston  and  its  attached  drill  forward,  meant 
an  immediate  lightening  of  the  physical  load  on  the  miner  who  was  then  compelled  to 

display  his  prowess  at  hand  drilling  by  organizing  the  competitive  displays  that  were 
common  in  the  early  West. 

The  next  marked  improvement  in  drilling  technology  did  not  come  until  1897  when 
George  Leyner  developed  the  hammer  drill  in  Colorado.  This  was  a  much  lighter  drill’  faster 
and  more  mobile,  for  its  bit  did  not  reciprocate  with  the  piston  but  remained  against  the 
rock  at  the  bottom  of  the  hole,  rebounding  slightly  at  each  blow.  A  modern  hammer  drill 
can  deliver  as  many  as  2,000  blows  a  minute. 

Basting  underwent  no  less  a  revolution  with  the  discovery  of  new  explosives.  The  early 
miners  were  adept  at  working  with  black  powder,  a  far  cry  from  the  days  when  they  had 
split  the  rock  by  burning  brush  at  the  face  and  then  shrinking  it  by  dousing  it  with  cold 
water-  Conservative  in  their  methods,  the  miners  did  not  take  kindly  to  Giant  Powder 
w  rich  had  twice  the  detonating  force  of  black  powder,  and  complained  in  outraged  fashion 
that  the  fumes  made  them  sick.  This  was  somewhat  of  an  understatement  considering  the 
appalling  hazards  of  both  explosives,  for  all  that  stood  between  the  miners  and  eternity  was 
heir  own  invented  squib  (fuse).  This  consisted  of  some  black  powder  wrapped  in  several 
thicknesses  of  paper  and  then  twisted  to  form  a  taper  about  three  inches  long.  The  burning 
end  ol  the  taper  gave  the  blaster  about  30  seconds  to  remove  himself  before  the  Oame 
reached  the  powder  train  that  led  to  the  hole  where  the  main  charge  had  been  inserted. 

Neither  black  powder  nor  Giant  Powder  could  last  long,  however,  with  the  discovery  of 
^hlch,  was  to  make  blasting  much  safer.  Alfred  Nobel  had  made  nitroglycerine  in 
TTJ  But  found  it  unsuitable  for  mining  and  quarrying  because  of  its  instability  until  he 
added  sawdust  absorbent.  This  new  dynamite,  the  old  nitroglycerine  made  safe,  was  to  be  of 
severa  kinds,  all  of  which  found  favor  in  mine  blasting,  for  their  plastic  nature  made  it 
possible  to  load  the  explosive  solidly  into  drill  holes,  even  though  they  were  wet. 

he  main  danger  at  first  in  working  with  the  new  dynamite  underground  came  from  the 
small  copper  detonators  that  carried  a  small  charge  of  fulminate  of  mercury  to  set  off  the 
relatively  inert  dynamite.  The  procedure  used  in  loading  was  to  force  home  the  end  of  the 
use  into  the  detonator,  crimp  its  neck  with  a  special  tool  (which  was  never  to  be  found  so 
the  miner  used  his  teeth),  and  then  insert  it  into  a  hole  which  had  been  punched  into  the 
side  ol  the  stick  of  dynamite,  binding  the  whole  assembly  firmly  with  a  wrapping  of  coarse 

s  r'nf:  n  ^e’  miners  were  not  allowed  to  do  their  own  connecting  of  detonator  to  fuse 
and  there  followed  stringent  regulations  for  the  separate  storing  of  dynamite  and  detonating 
caps  and  requiring  that  they  be  carried  separately  in  sacks  down  the  shaft.  Powder 
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magazines  also  had  to  be  modified  to  conform  with  the  new  safety  requirements.  Not  only 

lad  hey  to  be  built  tar  trom  all  other  buildings,  but  they  had  to  be  dry,  well-ventilated,  and 
Dullet-prooi.  y 

Even  what  today  seem  to  be  simple  innovations  were  major  improvements  in  the  mining 
ec  noogy  o  the  1860  s  in  the  American  West.  The  underground  mining  methods 
previously  in  use  had  provided  for  the  transporting  of  the  ore  from  the  working  face  to  the 
,>ia  in  sac  s  or  baskets  on  the  back  of  a  man  or  burro  and  then  on  runners  or  sleds  on 
wooden  planks.  After  1  860  American  mines  saw  two  innovations,  the  Cornish  wheelbarrow 

and  the  underground  haulage  railroad,  both  of  which,  for  instance,  revolutionized  mining 
methods  at  New  Almaden. 

Hie  wheelbarrow  was  of  wood;  it  was  long  and  narrow  with  no  legs  but  with  a  bar  of 
wood  to  allow  it  to  rest  on  the  ground;  and  it  was  designed  with  little  inclination  at  the 
sides.  It  was  thus  well-equipped  for  working  in  confined  spaces  and  much  more  convenient 
or  tipping  sideways  than  the  conventional  barrow  with  wide  sloping  sides  and  long  legs.  It 
was  not  long  before  the  mine  openings  became  lined  with  tracks  of  18,  20,  and  24  inch 
gauge,  on  which  moved  ore  wagons,  first  of  wood  and  then  of  boiler  iron,  capable  of 
carrying  a  ton  of  ore  at  a  time,  and  propelled  by  men  or  by  animals.  But  the  wagons  still  had 
to  be  loaded  by  hand  from  the  wheelbarrow  that  carried  out  the  ore  from  the  working  face 

until  the  invention  of  the  mechanical  scraper  and  gravity  loading  devices  to  increase  the 
output  of  ore  per  man. 

The  broken  ore,  having  reached  the  shaft,  had  then  to  be  hoisted  to  the  surface.  The 
earliest  method  of  raising  the  ore  was  the  hand-operated  windlass  that  had  been  in  vogue  in 
the  shallow  lead  mines  of  Southwest  Wisconsin  in  the  1840’s.  The  came  the  horse-winch  a 
contrivance  consisting  of  a  circular  drum  around  which  a  rope  was  wound  and  which  was 
turned  by  a  horse  that  moved  in  a  circle.  Another  version  was  the  Cornish  whipseyderry  in 
which  the  horse  moved  in  a  vertical  direction,  and  the  Spanish-Mexican  maUcate.  Water 
wheels  were  sometimes  used,  although  the  pressure  of  water  was  not  always  reliable.  Water 
balances  were  also  occasionally  used  for  shafts  not  more  than  600  feet  deep.  These  were  a 

ind  of  gravity  conveyor,  and  they  were  still  being  advertised  in  the  catalogues  of 
manufacturers  as  late  as  1  897. 


Before  the  appearance  of  the  electric  hoist,  the  most  conspicuous  advance  in  hoisting 
equipment  was  in  the  refinements  of  the  steam-winding  engine,  first  the  Cornish  beam  engine 
and  then  the  more  efficient  double  cylinder  horizontal  engine.  The  winding  engine  was 
mounted  on  timber,  a  masonry  foundation,  or  a  massive  cast-iron  plate,  and  its  boiler  was  of 
the  locomotive  type.  Its  drum  could  be  either  single  or  double  and  was  bushed  with  gun 
metal.  It  was  provided  with  safety  catches  to  prevent  the  cages  from  running  into  the 
sheaves  in  cases  of  overwinding.  Simultaneous  with  new  winding  devices  went  improvements 
in  the  making  of  ropes,  hemp  soon  giving  place  to  steel  wire.  In  1860,  the  firm  that  was 
Producing  the  most-used  cables  in  that  West  as  A.  A.  Halliday  and  Company  at  North  Beach, 
San  Francisco,  but  by  1  890  the  market  for  mine  hoist  ropes  was  being  served  by  a  firm  with 
a  national  reputation,  John  A.  Roebling’s  Sons  &  Company  of  Trenton,  New  Jersey. 

The  ore  produced  in  the  West’s  early  metal  mines  was  first  raised  in  iron  buckets  made 
of  boiler  plates,  rivetted  together  and  attached  to  chains,  hempen,  or  wire  ropes.  These  were 
of  varying  capacities  ranging  from  100  pounds  to  little  more  than  a  ton,  but  they  were  never 
to  be  used  for  really  deep  mining  because  of  their  propensity  for  swaying  in  the  shaft  which 
had  to  be  lined  with  heavy  planks  to  take  the  buffeting.  Their  place  was  taken  by  ships 
which  ran  on  guide  rails  and  were  pulled  by  wire  ropes  or  by  cages  in  pairs  in  vertical  shafts, 

one  ascending  while  the  other  descended,  and  each  capable  of  carrying  a  car  containing  at 
least  a  ton  of  ore. 


Conveying  the  ore  from  the  shaft-head  to  the  mill  saw  no  special  revolutionary  changes, 
railroads  being  the  usual  medium.  In  localities  where  the  contours  of  the  country  did  not 
permit  the  building  of  railroads,  however,  there  appeared  a  solution  to  the  problem  in  the 
torm  ot  overhead  tramways  using  wire  rope.  These  were  of  two  kinds:  (1)  the  travelling  rope 
system,  based  on  the  use  of  a  wire  rope  travelling  at  a  speed  of  about  350  feet  per  minute 
which,  by  its  forward  motion,  carried  the  suspended  load;  and  (2)  the  standing  wire  system 
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Fig.  30  -  Materials  handling  in  most  mining  operations  prior  to  1872  was  rather  primitive  and  limited  to 
small  amounts  at  any  one  time.  The  methods  and  equipment  of  materials  handling  limited  the  size  of 
mining  operations.  (Photo  courtesy  of  Arizona  Pioneers'  Historical  Society) 
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tra nsDorl ineth^U^  38  an  overhead  rail-  The  same  methods  Were  employed  for 

flat  land  sin  re  <n  ^  1°^  fW^  fl?m  the  shaft'  This  was  always  a  problem,  particularly  in 
increased'  ^  all?wed  f°r  a  dump'  and>  as  the  height  of  the  dump 

toUom  of  ^e  incLe  ayS  ‘°  be  bUm  With  3  stationary  englne  at  ei,her  the  ,op  or 
6.  Mining  and  the  Environment 

MH^nVlr1niTental  co,ntro1  has  alwaVs  been  a  matter  of  concern  in  underground  mining  It  is 
am  and  waterWaS  "°  'eSS  ^  ‘he  PCri°d  Pri°r  ‘°  1 872‘  °f  p™  co— "  then  wemlighl! 

For  a  good  deal  of  the  period  during  the  late  1800’s,  the  sole  source  of  liehtine 
rarbldtTmr,  Tnd  Ih!  tal,°w  candle>  often  being  preferred  even  after  the  appearance  of  the 

Pipe^  with T  ai  Ctl1  P  (ab°Ut  1 895)>  f0r  ,he  miner  could  not  ‘*Sht  his 

designed  'thm  trnn'Ji  ’  uCk  I"  th®  hard  hat  with  a  bal1  of  claV  or  on  a  holder  so 

doh?  f  1  1  d  ang  from  a  hook  or  he  driven  into  a  piece  of  timber,  was  a  familiar 

nt*  Un‘U  “  WaS  °USted  by  the  81,1311  lamP  that  burned  fish-oil.  At  the 

illummIteHahtXfh,bltl0n  .ln,Lond°n  in  July-  1874,  there  was  exhibited  a  lamp  that  was 

and  live  f  hit  i  !'?8  T  throu8h  benzoline.  It  could  be  used  quite  safely  in  main  shafts 
and  evels  but  its  acceptance  was  slow.  The  miner  had  other  reasons  for  hanging  onto  his 
candle  and  it  was  to  do  with  ventilation.  Hanging  onto  ms 

To  the  early  miner,  the  burning  of  the  candle  was  an  indication  of  the  degree  to  which  a 

had*5  difficulty  fa  Ve"tilated-  11  11  bum?d  brightly,  the  air  was  fit  to  breathe,  but  if  he 

mneH  n  i  KI  T8  ‘  3'lght  when  tl,e  alr  was  8,111  OT  if  the  (lame  became  large  and 

“t8tblUe  ln  M  W  ’  thf  these  were  the  indications  of  a  decreasing  supply  of  olygen 
usuahv  co„  h"  Ch  be  Clther  n3tUral  °r  induced’  and  in  me,al  mines  She  former  was 
2  venti!afioen  ¥£T  eC°^miCal  D1esplte  th,s  a  number  of  devices  to  assist 

?  Iona  i  ,“  t  ?'  Th  Mr  Z W3S  3  deV1Ce  designed  to  Produce  a  natural  current  of  air  in 
a  long  level.  To  form  an  air  sollar,  the  floor  carrying  the  haulage  track  was  laid  about  six 

niches  above  the  actual  rock  bottom  of  the  level  and  supported  by  cross-ties  resting  upon 

b“rr  °r  StTS'  Plan,kS  Were  laid  0Ver  tbe  Sleepers  or  ties  *°  form  a  kind  of  deck, 
divided  th1lievpTaStmatde  airt'8ht  by  plastering  11  wi,h  mud  or  clay.  This  arrangement  thus 

siller  a  im  I  r  i°/ea  ,UneqU3'  P°rti°nS'  Thr°Ugh  the  '°Wer  Space  wbich  was  the  air 
Pa’  k  1  of  co1°1  (and  lleavier)  air  would  pass  into  the  end  and  would  be  further 

cooled  by  any  water  that  happened  to  be  issuing  from  the  rock.  The  hot  air  rising  from  the 
reathmg  of  the  men  and  even  trom  their  candles  passed  out  through  the  upper  portion  of 

ArVnnf  of  natural  ventilation  was  still  being  used  with  effect  at  Bisbee, 

Arizona,  in  1912,  although  it  was  then  modified  by  small  centrifugal  blowers  driven  by 
electric  motors.  J 

Pipe  and  cap-head  ventilating  in  underground  mines  was  similar  to  that  used  on  ships  A 

ZltT  ,meta‘  ^  wood;  about  one  scluare  foot  ^  area,  was  installed  in  the  shaft  and 
t  tted  at  the  top  with  a  revolving  cap-head.  The  lower  end  of  the  pipe  at  the  bottom  of  the 

shalt  was  open.  The  open  mouth  of  the  cap-head  at  the  surface  was  left  free  to  be  turned  in 
he  direction  ot  the  wind.  Thus  a  current  of  fresh  air  could  be  forced  down  the  shaft  and  the 

lhnrn3LnHde  t0  Thlsumethod  also  was  “sed  for  ventilating  levels,  provided  no  really 

-  a  p  bends  were  made  in  the  pipe.  Its  weakness,  of  course,  was  that  it  could  work  only 

when  a  strong  wind  was  blowing,  and  miners  needed  ventilation  most  when  the  air  was  still 
To  overcome  this  difficulty,  a  small  fan  was  often  placed  at  the  upper  end  of  the  pipe 
worked  by  hand,  water-wheels,  or  a  steam  engine.  P  P  ’ 

The  water  trompe  was  a  device  used  with  considerable  advantage  if  there  was  an  ample 
supp  y  o  water  at  the  surface  and  an  adit  level  to  drain  away  the  waste  water  This  device 
consisted  of  a  very  simple  arrangement  in  which  water  from  a  launder  fell  upon  a  series  of 
iron  bars  set  in  a  pipe  and  then  down  the  pipe  into  a  sump.  The  stream  of  water  carried  a 

andso  into  th^leveT0  ^  GSCaped  fr°m  an  exit  pipe  at  the  bottom  of  the  shaft 
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Natural  ventilation,  however,  was  best  achieved  in  early  underground  mines  not  so  much 
by  these  contrivances  as  by  the  position  and  depths  of  the  shafts  (where  deposits  were 
worked  to  a  moderate  depth)  so  that  the  air  would  flow  naturally  down  one  shaft,  through 
the  drifts  and  up  another.  The  working  of  a  deposit  in  mountainous  country  with  entry  by 
both  adits  and  shafts  could  also  provide  a  chimney  draft  effect  and  substantial  natural 
ventilation. 

But  as  the  mines  became  deeper  and  hotter,  as  in  the  Comstock,  such  methods  were 
quite  inadequate  to  provide  sufficient  ventilation,  especially  when  the  law  required  that  a 
stated  quantity  of  fresh  air  per  minute  should  be  available  for  every  man  and  animal.  On  the 
Comstock  a  miner  might  lose  as  much  as  six  and  a  half  pounds  of  water  every  hour  through 
sweating  and  become  completely  depleted  of  salt.  Drinking  water  to  excess  only  led  to 
cramps.  Today,  special  thermometers  can  measure  the  cooling  effects  of  refrigerated  fresh 
air  in  millicalories  per  square  centimeter  per  second,  and  salt  tablets  can  assist  the  miner,  but 
in  the  1  860’s  no  such  aids  were  available.  Even  sprinkling  dusty  stopes  with  water  was  of 
little  effect  against  the  heat  from  hot  wall  rock,  from  men,  machinery,  and  lights,  from 
blasting,  and  from  the  oxidation  of  pyrites. 

In  no  aspect  of  early  mining  was  there  so  much  experimentation  and  innovation  as  in 
that  of  ventilation,  as  engineers  and  miners  alike  searched  for  solutions  to  the  problems  of 
controlling  and  directing  underground  air  currents  by  regulator  doors  and  various  types  of 
devices.  But  probably  the  most  important  contribution  of  technology  in  solving  the 
problems  of  mine  ventilation  was  the  air-compressor,  although  such  was  not  its  purpose.  In 
1878  an  hydraulic  air-compressor  was  developed  for  work  at  the  Victoria  Mine  in  Michigan, 
and  from  it  flowed  a  whole  technology  and  discipline  regarding  the  care  and  maintenance  of 
compressors  and  drilling  machines,  the  correct  placing  of  air-pipes  in  shafts,  and  how  best  to 
hang  air  lines  to  prevent  leaks  and  still  provide  access  to  them.  Compressed  air  became  the 
key  to  many  problems,  both  intentionally  and  unintentionally.  It  drove  rock  drills, 
locomotives,  pumps,  hoists,  and  loading  machines;  it  sprayed  water  to  keep  down  dust;  it 
operated  ore  gates  and  waste  bins;  it  opened  and  closed  mine  doors;  and  its  air  lines  could  be 
used  as  water  lines  in  case  of  fire.  And  the  miners  quickly  found  it  could  be  used  as  a  source 
of  fresh  air. 

7.  Water  and  Mining 

1  here  have  been  few  mines,  surface  or  underground,  that  have  been  completely  free  of 
some  accumulations  of  water,  and  it  has  been  an  ancient  practice  to  take  care  of  this 
problem  to  some  extent  by  the  driving  of  adits  beneath  the  mine  workings  to  drain  off  the 
water  by  gravity  on  the  rather  sensible  grounds  that  the  more  water  that  is  gotten  rid  of  in 
this  way,  the  less  costly  is  the  work  of  pumps.  In  the  history  of  the  world’s  mining,  there 
have  been  some  very  complicated  drainage  adits  driven.  One  at  Gwennap  in  Cornwall,  begun 
in  1770,  drained  about  30  square  miles  with  a  system  of  branches  that  extended  a  distance 
ot  more  than  40  miles.  By  1880  this  system  had  merged  into  the  Great  County  Adit  which 
was  more  than  100  miles  long.  The  Ernst  August  Adit  in  Saxony  drained  the  mines  in  the 
Harz  Mountains,  was  14  miles  long,  and  took  13  years  to  drive.  Part  of  it  was  navigable  by 
boats.  In  the  early  days  of  the  American  West  there  was  the  Sutro  Tunnel  in  Nevada,  22,000 
feet  long,  and  the  Snake  Creek  Tunnel  in  Utah  with  a  length  of  14,000  feet. 

in  the  tirst  American  mines,  that  is,  in  the  ones  that  were  shallow  enough,  water  was 
raised  by  hand  or  by  a  windlass  in  skins  or  buckets.  As  the  mines  became  deeper,  however, 
more  sophisticated  methods  had  to  be  adopted.  After  1 860,  undoubtedly  the  most 
important  contribution  to  mine  drainage  was  the  Cornish  pumping-engine.  Although  it  was 
in  its  heyday  when  it  became  the  vehicle  for  draining  the  Western  American  mines,  behind 
this  steam  engine  of  massive  proportions  stood  a  century  of  Cornish  techniques  in  the  actual 
business  of  mine  draining. 

The  pump  was,  strictly  speaking,  the  tubes  into  which  the  water  was  drawn  from  the 
sump,  the  central  point  in  the  mine  where  the  water  was  collected  from  various  points  by 
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gravity.  The  general  design  of  the  Cornish  pump  was  based  on  raising  the  water  by  a  series  of 
J.  ts»  so  sumps  were  built  into  the  sides  of  the  mine  shaft  and  supported  on  strong  beams. 
I  hey  were  usually  made  of  wood  and  strongly  bound  with  iron  strapping.  Special 
precautions  were  taken  if  it  was  known  that  the  pumps  would  be  raising  water  from  acid 

ground,  for  then  the  working  parts  would  be  made  of  gun-metal  and  the  pumps  themselves 
lined  with  staves  of  oak.  N 

The  principle  on  which  the  machine  worked  was  very  much  that  of  the  ordinary 
household  pump  of  years  gone  by.  With  the  “up”  stroke  of  the  engine,  the  water  was  raised, 
forced  up  by  the  weight  of  the  main  rod  or  rods.  A  balance  had  to  be  maintained  between 
the  weight  of  the  rods  and  the  weight  of  the  water.  At  times  these  rods  were  of  an  incredible 
length  and  weight,  sometimes  as  much  as  one-third  of  a  mile  and  weighing  100  tons,  in 
which  case  their  weight  would  be  more  than  enough  to  raise  the  water.  The  surplus  weight 
would  then  have  to  be  counter-balanced  by  “balance-bobs,”  placed  either  at  the  surface  or 
in  chambers  excavated  in  the  side  of  the  mine  shaft.  The  business  of  joining  the  sections  of 
the  main  pump  rod  was  always  something  of  an  artistic  achievement,  especially  when  the 
mine  shafts  were  not  only  deep  but  steeply  or  irregularly  inclined.  The  usual  method  was  to 
try  to  get  the  main,  rods  to  go  round  corners,  but  in  one  Grass  Valley,  California,  mine  this 
proved  so  difficult  that  a  carpenter  had  to  be  imported  especially  from  Cornwall. 

There  can  be  no  doubt  that  the  Cornish  pumping  engine  proved  itself  superior  to  any 

^  nnn  „  °f  !?raimng  mines  in  the  a8e  of  steam.  These  machines  could  raise  as  much  as 
z,UUU  gallons  of  water  a  minute  and  could  work,  with  proper  care  and  maintenance,  almost 
indefinitely.  Four  in  the  Severn  Tunnel  in  England  worked  from  1879  until  1966 
continuously,  pumping  out  nearly  one  million  gallons  of  water  a  day,  and  only  their 
bearings  had  to  be  replaced.  Very  few  of  the  Cornish  pumps  have  survived,  however- a 
handful  in  Cornwall  and  hardly  any  in  America.  One  of  the  most  famous  was  at  the  Buena 
Vista  Shaft  at  New  Almaden  and  another  was  at  the  Chapin  Mine  near  Iron  Mountain 
Michigan.  Both  were  regarded  as  the  mechanical  wonders  of  their  day.  The  Chapin  engine’s 
bob  weighed  120  tons  and  its  flywheel  160  tons,  revolving  on  a  shaft  27  feet  in  diameter. 
With  both  a  high-  and  low-pressure  cylinder,  and  costing  $250,000  when  new,  it  could  lift 
^00  tons  of  water  a  minute  from  a  depth  of  1,500  feet,  equal  to  4,000,000  gallons  a  day. 

-tv?  has  been  removed  to  a  nearby  site  and  preserved  for  its  historic  interest. 

The  Cornish  pump  was  never  really  ousted  until  the  arrival  in  the  1 900’s  of  the  electric 
pump  which  gave  greater  efficiency  in  much  less  space.  The  direct-acting  pumps  that  made 
their  appearance  in  the  late  1870’s  likewise  constituted  a  threat  to  the  supremacy  of  the 
Cornish  pump.  In  these  the  pumping  engine  was  placed  at  the  bottom  of  the  mine  shaft  and 
was  supplied  with  steam  by  a  clothed  steam  pipe  from  a  boiler  on  the  surface.  The  piston 
rod  had  a  piston  at  one  end  and  a  ram  at  the  other.  The  piston  worked  in  the  steam 
cylinder,  and  the  ram  was  a  force  pump  or  water  cylinder  which  communicated  with  the 
pump.  Its  serious  drawback  was  that  it  could  easily  be  lost  by  sudden  flooding  and  so 
dup  icate  pumps  had  to  be  installed,  thereby  adding  to  the  costs  of  mine  water  removal. 

In  virtually  all  American  mines  of  any  consequential  depth  before  1872,  excess  water 
was  a  problem.  The  biggest  part  of  the  problem  then  lay  in  removing  it  from  the  mine,  not 
in  disposing  of  it  once  it  reached  the  surface.  In  most  instances  it  was  either  turned  into  the 
natural  surface  drainage  system  or  used  in  ore  beneficiation  or  both. 

8.  Early  Beneficiation  Methods 

In  the  middle  and  late  1800’s  there  was  in  most  places  relatively  little  distinction 
between  the  beneficiation  and  advanced  processing  phases  of  mineral  production.  The 
complex  chemical  processes  of  the  20th  Century  had  not  yet  been  developed  while  most  of 
the  methods  then  used  for  recovering  metals  from  their  ores  had  been  known  for  centuries 
1  he  Hoovers,  in  their  translation  of  the  classic  De  Re  Metallica  by  Agricola,  listed  many  of 
the  oldest  ore  treatment  processes,  and  a  selection  of  these  is  listed  in  Table  25.  Some  of 
these  are  what  are  now  considered  strictly  beneficiation  operations  while  others  involve 
more  advanced  processing.  Beneficiation  is  here  taken  to  include  the  physical  processes  by 
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which  the  crude  ore  was  finally  converted  into  relatively  pure  ore  minerals  or  metallic 
compounds.  It  involved  both  ore  dressing  and  the  process  of  concentrating.  If  the  advanced 
metallurgical  process  were  one  in  which  the  recovery  of  the  metal  from  the  concentrates 
was  effected  in  a  melt,  it  was  called  smelting;  if  by  some  aqueous  or  other  solution,  it  was 
called  leaching  or  lixivation;  and  if  by  vaporization  and  subsequent  distillation,  it  was  called 
retorting. 

In  the  Western  United  States  before  1860  there  was  only  the  Spanish-Mexican  tradition 
as  a  guide  to  the  reducing  and  concentrating  of  gold  and  silver  ores,  and  even  these  had  to  be 
exceedingly  rich  before  the  Mexicans  would  bother  to  deal  with  them.  Crushing  at  first 
entailed  hardly  more  than  exposing  the  ore  to  the  air  and  pulverizing  it  with  hammers  and 
sledges.  After  roasting  and  calcining  to  break  up  the  gangue  and  to  expel  the  arsenides  or 
sulfides,  the  ore  was  introduced  to  a  grinder,  of  which  there  were  three  varieties. 

The  Korean  Mill  was  the  most  primitive  of  all  grinding  devices  used  in  the  early  West  and 
had  been  widely  used  in  China  and  throughout  Asia.  The  Mexican  version  was  a  boulder 
rotating  in  a  stone,  the  gyratory  motion  being  produced  by  two  men  see-sawing  up  and 
down  on  the  boulder  and  thus  crusiiing  the  rock  inside.  The  Arrastra  was  a  more 
sophisticated  affair  and  had  its  origins  in  the  days  of  the  Roman  Empire.  It  consisted  of  a 
circular  stone  floor,  sometimes  level  and  often  slightly  inclined  to  the  horizontal. 
Surrounding  it  was  a  low  coping  of  stone,  in  the  center  of  which  stood  a  wooden  or  stone 
post  which  also  served  as  a  pivot.  Projecting  from  this  pivot  were  sundry  poles  to  which 
were  attached  raw-hide  ropes  bound  securely  around  drag  stones.  These  stones  weighed 
about  200  pounds  each  and  were  bevelled  at  their  lower  edge.  Motive  power  was  provided 
by  a  mule  or  horse  attached  to  the  pivot.  The  walking  animal  turned  the  pivot,  and  the  pivot 
moved  the  drag  stones. 

The  grinding  procedure  thus  developed  involved  filling  the  arrastra  with  broken  ore  and 
some  water.  As  the  horse  or  mule  made  its  circular  turns,  the  large  stones  bit  into  the  ore 
with  a  gyratory  and  abrasive  action,  in  time  grinding  it  to  a  pulp  or  slime,  which  was  then 
allowed  to  drip  through  a  screen,  from  which  it  was  taken  for  further  treatment  by  mercury. 
It  was  really  a  functional  wet  grinder,  the  forerunner  of  the  rod  and  ball  mills  of  a  later 
time.  The  arrastra  had  a  long  history  behind  it  in  1 860  and  still  had  much  useful  work  to 
perform,  tor  it  was  relatively  mobile,  easily  made  from  local  stone,  and  sound  in  its 
principles.  In  the  late  19th  Century,  manufacturers  in  the  West  were  producing  them  in  bulk. 

The  Chilean  mill  was  superior  to  the  Mexican  arrastra  and  could  be  operated  by  water 
power.  It  consisted  of  the  usual  stone  floor  and  coping,  but  instead  of  the  drag  stones,  it  had 
two  large  stone  wheels,  set  on  edge  and  rotating  on  a  pole-axle  which  revolved  about  a 
central  pivot.  It  was  a  skilled  matter  to  cut,  shape,  and  set  the  wheels,  however,  and  this 
added  to  the  cost  of  the  Chilean  mill.  Nevertheless,  by  the  end  of  the  19th  Century  it  was 

being  manufactured  in  several  sophisticated  forms  for  use  in  the  beneficiation  plants  of  the 
West. 

While  the  Korean  mill,  the  Chilean  mill,  and  the  Mexican  arrastra  were  all  used  to  grind 
already  broken  ore,  at  most  hard  rock  properties  in  the  West  before  1872  it  was  first 
necessary  to  crush  the  ore  as  it  came  from  the  mine.  Stamps  were  one  of  the  most  important 
instruments  for  crushing.  They  consisted  of  a  series  of  heavy  treadles  or  feet,  shod  with  iron 
or  steel  and  arranged  in  batteries,  lifted  by  cams  keyed  onto  a  revolving  horizontal  shaft. 
Steam  stamps  were  used  in  a  limited  way  in  the  native-copper  mills  of  the  Lake  Superior 
district  in  Michigan,  taking  tiie  place  of  the  earlier  gravity  stamps.  The  latter  had  been  in  use 
lor  reducing  tin  ores  in  Cornwall  since  the  18th  Century  and  were  found  to  be  ideal  for 
preparing  gold  and  silver  ores  for  amalgamation.  One  of  the  first  of  these  was  used  in 
California  in  the  early  1850’s.  In  time  the  transfer  of  technology  reversed  itself  and 
California  stamps,  with  greater  speed  and  dropping  capacity,  found  their  way  to  mills  in 
Cornwall.  With  the  introduction  of  the  cyanide  process  for  gold  recovery,  however  finer 

grinding  became  necessary  and  stamps  were  relegated  to  the  position  of  intermediate 
crushers. 

The  crushing  and  grinding  methods  used  for  hard  rock  ores,  for  the  most  part  had  not 
been  necessary  in  the  working  of  the  early  placer  deposits.  Nature  had  already  reduced  the 
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m^rn  3Un«L\CaTLZ  ZhZs  ?**  "f  ****  **W.  -«  /Vi  1 

arrastra  were  a/so  used  .before  /S72  rbese  u«/-a  La//  m0'?  prlmltlve  Korcan  mill  and  the  Mexic 
**  considerable  man  or  anZalpi^TbZlThiTZ^'J  **  ""  "**+  "«'*  *» 
developed  about  1900.  , Photo  colrtesy  ^ Pi^H^^eZ  **  “  " 


separating  the  valuabIe°from  th^LlueLL'MoLof'tlic'1  pnmary  prob,em  became  one  of 
but  in  many  parts  of  the  West  watr  was  e^en  scLcer  TXT^ZTT  US6d  Water’ 

USedthWhen  there  -  Httie^tera^fnlhi: 

allowed  to  blow  away  the  “chaff”  iiThonrth  t  rown  °”  a  sheet  or  blanket  and  the  wind 
there  was  no  wind  ?he  miner  dirt  h"  ^°pe ‘hat.a  Pal!icle  °{  Sold  would  be  left  behind.  If 

much  of  the  gold  was  lost  to nenro^’ T  ™e  TLh°d  Was  not  ver*  «ve,  for 

panning,  a  pan  of  gravel  was  placed  in  water  ^nd  stirred  hv  l  “T?  ,°r  8,°  d  anomalies-  ln 
large  stones  were  picked  out  and  the  pan  given  a  LcL-  ^v  rb?  Up  the  clay> the 

particles.  During  this  process,  the  pan  was  tilted  from  time  to  t0  s®ttle  the  heavier 

layers  of  lighter  material.  Finally,  with  luck  a  little  black  <,*  h  “"f ,  ?  wash  off  the  surfacc 

some  gold,  which  could  then  be  collected  by  addingbmercury  The  ratenf  f*  ‘n  P3u  W‘th 
might  be  one  cubic  yard  of  gravel  washed  in  ten  houfs  °f  pr0gress  achleved 

pans  made  tte^pp^ra^^btoet^fomtoVpb!5SaOneSketSthbU« 50011  tW°  types  of  metal 

conical  affair  ranging  from  16  to  30  inches  in 
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California^  ^PsurhlTl^  ^  "  beneficiate  9old-bearing  gravels  from  the  American  Riv 
:  concentration  equipment  was  really  little  more  than  a  modification  n 


River  in 

ZTaZTl’Zr'lZ  inV°IWd  °n'ry  *  ^  «  «  Tn^.tpplyZ 

ater  and  manpower.  (Photo  courtesy  of  Arizona  Pioneers'  Historical  Society)  Y 

circular  flat-bottomed,  iron  (and  later  steel)  dish  18  inches  in  diameter  and  four  inches 

with’ hlndir1 Thet ^tooiSidetSHet  ,tA?u0r  40  degrees  t0  the  h°riz°ntal  and  sometimes 
had  startedas  lariv  a,  ,  ”  Alab?ma  3"d  GeorSia>  where  P,acer  mining  for  gold 

the  “an  pan *  Credited  W“h  the  desig"  °f 

The  American  style  pan  became  dominant  though  there  is  evidence  to  suggest  that  the 
5““.  1*"*  “self  more  ‘o  mechanization  than  did  the  American  pan  The  nearest  the 
American  miner  came  to  mechanizing  his  pan  was  to  convert  it  into  a  large  wooden  bowl 
and  put  it  on  rockers  like  a  child’s  cradle,  thus  permitting  him  to  stand  upright  and 
sraighten  his  aching  back,  while  he  rocked  the  pan  with  one  foot  But  this  first 
mechanization  was  to  be  the  beginning  of  a  whole  series  of  inventions  designed  to  speed  up 
worked  y  economies  in  both  time  and  effort  as  long  as  the  alluvial  deposits  were 

reduced  k.CworkritCTdhe  rn  S0?"  we"‘  throuSh  several  refinements  so  that  two  men  were 
required  to  work  it  The  more  elaborate  version  consisted  of  a  tilted  wooden  trough  about 

0  inches  wide  and  40  inches  long,  with  sides  about  four  inches  high  The  lower  end  was  left 

open  and  the  whole  contraption  was  supported  on  two  rocked  On  the  upper  end  was  a 

hopper  approximately  20  inches  square  with  wooden  sides.  On  the  bottonfof  the  hopper 

the  hnn"8*11  °f  sheet'lron  °_r  zmc>  Pjerced  with  holes  about  half  an  inch  in  diameter  Under 
the  hopper  was  an  apron  ot  wood  or  cloth  which  sloped  downwards  from  the  upper  end  of 

the  cradle  box  to  the  lower  end  of  the  hopper.  A  strip  of  wood  one  in?h  square  called  a 
n  fie  bar,  was  nailed  across  the  cradle  box.  The  intention  was  that  the  gold  and  the  heavier 
particles  should  be  caught  behind  the  riffle  bars  and  then  the  gold  itself  would  be  caught  bv 

ofetrhe7mateimmwa1lo°tUble  ^  "  **  ^  Paddng  °f ' **  behind  the  while  much 

clavThIt  Pcnn!i WaS  llke^the  r°^ker  uUt  WaS  designed  to  dissolve  the  tough  auriferous 
y.  It  consisted  of  a  rough  wooden  box  one  foot  deep  and  five  feet  square.  The 
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f^,dfuearm8  cI^y,.^as  thrown  in  with  water  and  worked  about  with  a  hoe  until  it  dissolved 
e  thinner  and  lighter  mud  then  running  away  through  a  hole,  leaving  the  heavier  material 

3  uCj  °  ,°m.’  A*  a^ter  the  day’s  puddling,  the  concentrates  remaining  in  the  box  were 

hnthth  °Ut  ^/th  °T  cradle-  The  lon8  tom  was  really  an  extension  and  elaboration  of 
both  the  cradle  and  the  puddling  box.  It  was  also  a  wooden  trough,  but  much  longer,  up  to 

' 4  I,,.1?  eil?th  and  eight  inches  deeP>  with  the  usual  hopper  of  perforated  zinc  and  riffle 

bars  While  effective  at  first,  hardly  any  of  these  devices  were  to  be  seen  in  California  after 
1 06U. 

The  board  sluice  was  to  be  by  far  the  most  important  invention  (prior  to  1 872)  for  the 
washing  of  gold-bearing  dirt.  It  consisted  of  a  large  wooden  trough,  varying  from  one  foot  to 
five  feet  in  width,  and  from  50  to  1,500  feet  in  length,  and  the  longer  it  was,  the  more 
efficient  it  became.  It  was  usually  set  at  an  inclination  of  one  inch  to  the  foot,  but  the  larger 
the  apparatus  was,  the  steeper  the  inclination  and  the  greater  volume  of  water  required.  The 
board  sluice  was  constructed  of  one  and  a  half  inch  thick  boards,  about  1  2  or  14  feet  long 
and  in  sections  of  that  length,  so  that  it  could  be  added  to,  easily  assembled,  and  easily 
ismantled.  The  boxes  or  compartments  stood  on  trestles  and  could  be  used  by  different 
groups  of  workers,  thus  allowing  for  a  vast  amount  of  dirt  to  be  washed.  A  constant  stream 
o  water  entered  the  head  of  the  sluice  and  ran  the  entire  length  of  the  boxes  At  the 
bottom  of  the  sluice  were  longitudinal  riffle  bars,  two  in  each  box,  measuring  six  feet  in 
ength,  two  to  four  inches  in  width,  and  three  to  seven  inches  in  height.  Two  hours  after 
washing  was  begun,  mercury'  was  inserted  into  the  top  of  of  the  sluice  and  allowed  to 
gradually  work  its  way  downwards,  collecting  the  gold  that  lay  before  it.  The  whole  sluicing 
operation,  called  a  “run,”  usually  lasted  six  days  with  the  Sabbath,  the  day  of  rest,  occupied 
with  cleaning  out  the  boxes  and  sharing  the  spoils  among  the  working  gang  of  1  5  to  20  men 

,  *he  •*  i  m?LWaS  virtually  the  same  as  the  board  sluice  but  it  had  a  cobblestone 
bottom  instead  of  the  wooden  riffles  and  required  a  steeper  grade,  a  larger  body  of  water, 

and  a  wider  cross-section.  The  idea  behind  it  was  to  get  the  sluice  box  to  behave  as  nearly  as 
possible  like  the  natural  action  of  a  steam.  Stones  were  lapped  over  each  other  in  natural 
ayers,  me  ining  downstream,  and  fixed  in  position  by  nailing  strips  of  wood  over  them  In 

this  way  it  was  claimed  that  20  percent  more  gold  could  be  saved,  while  thieves  found  it 
more  difficult  to  rifle  the  riffles. 

Of  all  the  innovations  found  in  early  placer  ore  beneficiation,  by  far  the  most  important 
was  the  sluice  box  itself,  for  it  was  an  integral  part  of  the  next  stage  of  placer  mining 
(hydrauhcing)  and  was  an  item  of  equipment  that  could  be  ordered  in  bulk  from 
manufacturers.  Even  the  later  dredges  used  what  was  really  only  a  modification  of  the  sluice 
box  to  wash  the  enormous  volumes  of  sand  and  gravel  that  they  handled. 

9.  Advanced  Processing  Methods 

But  placer  gold  ores  quickly  gave  way  to  hard  rock  ores  of  not  only  gold,  but  silver 
copper,  and  lead  as  well.  All  of  these  required  more  advanced  methods  of  treatment  than 
washing  and  amalgamation.  Nearly  all  of  the  occurrences  of  other  metals  were  as 
compounds,  not  as  native  elements,  and  as  such  they  needed  reduction  by  smelting  as  well 
as  crushing,  grinding,  and  concentration.  All  the  gear  and  apparatus  for  reducing  and 
concentrating  ores  were  centered  in  the  mills,  from  which  the  concentrates  were  sent  to 
smelters  tor  final  metallurgical  processing.  There  arose  specific  provisions  in  the  early  mining 
aws  regarding  the  location  of  the  mills.  The  five-acre  millsite  claim  was  a  direct  outgrowth 
o  the  size  and  nature  of  the  early  beneficiation  plants.  Smelters,  as  such,  were  not  subject 

dprJn,rnTe  COul?  be  buiU  °n  the  minin8  site  or  at  some  considerable  distance, 

pending  on  the  fuel  available  and  the  nature  of  the  concentrates  to  be  refined  and 

whether  they  were  to  serve  one  or  several  mines.  In  the  latter  case,  like  some  of  the  mills, 
they  were  called  custom  smelters  to  distinguish  them  from  integrated  smelters 

In  the  early  days  in  California,  Nevada,  Montana,  Colorado,  and  Arizona,  some  metallic 
mineral  producers,  faced  with  refractory  ores  that  they  could  not  master,  sent  them  as  far 
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away  as  Swansea,  Wales,  for  smelting.  The  Mining  and  Scientific  Press  of  August  3,  1861 
was  reluctant  to  accept  this  practice.  Describing  the  Pacific  Metallurgical  Works  in  San 
Francisco,  where  ore  was  reduced  in  Chilean  mills  and  then  concentrated  in  special  rooms 
the  /  ress  commented,  “With  these  metallurgical  works  so  complete  it  is  downright  folly  to 
send  ores  to  Europe  tor  reduction.”  The  installation  of  metallurgical  plants  in  the  West 
growing  mine  production,  growing  domestic  demand  for  metals,  and  the  development  of 

new  processes  for  metal  recovery  from  the  western  ores  soon  made  shipments  to  Swansea  a 
thing  ot  the  past. 

Gold,  of  course,  was  the  West’s  principal  mineral  product  in  the  1850’s  and  1860’s  and 
amalgamation  with  quicksilver  was  the  principal  means  of  recovering  the  metal  frorli  its 
concentrates.  Even  in  the  decades  prior  to  1 872,  there  was  such  a  profusion  of 
amalgamators  on  the  market  that  extensive  advertising  for  them  in  the  western  newspapers 
was  common  In  1860  the  Knox  Patent  Amalgamator  was  being  manufactured  in  San 
rancisco  and  was  being  used  with  effect,  an  advertisement  claimed,  in  the  mill  of  the 
Merced  Falls  Mining  Company  on  the  Merced  River  near  Homitas  in  Mariposa  County. 
Many  other  varieties  were  being  produced  in  the  same  year  by  foundries  in  St.  Louis  and 
Chicago  to  cope  with  the  rush  to  the  diggings  near  Pike’s  Peak.  These  were  described  as 
consisting  of  two  iron  rollers,  arranged  and  worked  after  the  manner  of  the  arrastra  which 
revolving,  pulverized  the  quartz  ore  and  threw  the  mineral  upon  the  quicksilver  on  the  plate 

10  lthe  .  ™h?Te  it  rs  easily  collected.”  In  1861,  one  Dr.  J.B.  Beers  of  San  Francisco 

contended  that  he  had  invented  an  improved  amalgamator  that  would  effect  a  saving  of  as 

the  other25  PefCent  °f  the  8°Id  by  3  series  of  amalgamating  pans  arranged  in  tiers  one  above 

The  life  blood  of  the  amalgamation  process  was  quicksilver  and  it  thus  became  desirable 
to  produce  quicksilver  as  efficiently  as  possible  from  its  native  western  ores,  assuring  an 
ample  local  supply.  Mercury,  as  has  been  mentioned,  had  been  produced  on  a  very  small 
scale  in  California  even  before  the  Gold  Rush  of  1848-49,  and  accessible  deposits  of  the 
amalgam  ingredient  were  already  developed.  '  \ 

Cinnabar,  a  sulfide  of  mercury,  is  the  principal  ore  of  quicksilver,  and  the  separation  of 
the  metal  from  the  associated  sulfur  was  effected  by  retorting,  that  is  by  roasting  the  ore  in 
kilns  and  then  condensing  the  mercurial  fumes.  At  the  New  Almaden  mines  in  the  1890’s 
the  complete  process  of  prospecting,  development,  extraction,  reduction,  concentration’ 
and  retorting  could  be  seen  on  the  same  site.  The  ore  was  brought  from  the  mines  to  the 
reduction  works  in  cars  run  by  gravity  pulleys  and  then  dumped  into  shutes,  where  screens 
separated  it  into  three  sizes,  granza,  the  coarse  ore,  granzita,  the  medium  ore,  and  tierras,  the 
lint  ore^  Thirty  years  earlier,  in  1860,  these  fine  ores  had  been  mixed  with  clay  and  water 
and  made  into  bricks  called  adobes  and  dried  in  the  sun.  The  coarse  ore  and  these  adobes 
were  then  piled  into  the  roasting  chamber,  which  held  about  five  tons. 

The  distilling  apparatus  was  a  kind  of  reverberatory  furnace,  three  feet  by  five  feet 
arranged  at  the  end  ot  a  series  of  chambers  of  nearly  the  same  size,  seven  feet  long  by  four 
feet  wide  and  live  feet  high.  There  were  eight  or  ten  of  these  chambers  in  each  series  built  of 
brick,  plastered  inside  and  secured  by  iron  rods,  strengthened  at  the  ends  with  screens  and 
nuts  as  a  protection  against  expansion  by  the  heat.  The  tops  were  of  boiler  iron.  The  first 
ciamber  was  for  a  wood  fire  and  the  second  chamber  was  the  ore  chamber.  The  two 
ciam hers  were  separated  from  each  other  by  a  screen  of  brick  arranged  in  a  lattice-work 
pattern.  1  he  flames  from  the  fire  passed  through  the  square  holes  in  the  partition  and  licked 
the  ore  and  bricks  in  the  ore  chamber.  Next  to  the  ore  chamber  was  a  series  of  condensing 

ore  ^hlSh^nHeCt  nt0o6aCh  ^  by  SqU3re  h°IeS’  The  V3p°rs  and  smoke  passed  from  the 
eLht  nr  ’r  h,r°.U8h  he  condensing  chambers  and  then  through  a  square  wooden  box, 
eight  or  ten  feet  long,  in  which  there  was  a  continuous  shower  of  cold  water  The  smoke 
escaped  into  the  open  air  through  tall  wooden  flues. 

,  Tbe  r.e.torting  Pr°cess  lasted  about  60  hours  and  the  main  principles  never  changed  the 

Of  LT  '  ‘h  TS  ing  mu the  SiZe  of  the  furnaces’  automatic  devices,  and  the  installation 
fans  in  order  to  reduce  the  incidence  of  salivation  in  the  retort  workers  brought  on  by  the 
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theifoperatioTb^  N°‘  l?"*"1  ‘he  aPPearance  of  Guibal  fans  in  1 881 ,  however,  and 

— iy  -  - 

aSSS  K  vssssssssss^ 

proauction  alter  1859,  mercury  recovery  became  even  more  important 

TT  °!  r>  •"  w“ 

alkaline  solution  In  1  o/crw,  n  t™^3  llxlvatton>  by  which  the  silver  was  won  in  an 
available  in  the  West  Thpcp  °  '+u  "wle^.  processes  Evolving  amalgamation  were  readily 

in  preparation  for  the  patio  This  un*  *?  °f  ®rincl|n8  with  a  mixture  of  water  and  mercury 
on  which  the  pulp  from  he'  ,  8  ‘arge  “Urt  Wlth  3  paved  and  sli8htly  inclined  floor 

as  zBir£E~: ■»  £ msswk  s 

H«S 

supercedei^bj^electroly fr*6 methods. *  '6  Pr°CeSS  PerSiS,ed  Wdl  ‘nt°  tlle  «>«*»*  <=«  un.il 

(Calfforn ia)3 des^ib ing  5  “ne^l  ^  6’  I861,  quoted  the  Marysville 

1 7L7::^ VJZTTh  on,y  the richest  ore  b^8  ,ak‘ " *  E 

passing  “  "V.  dry  State  *°  powder, 

“bolfrng  wheel  ”  'where' ^"Veyed  “  *°  a  set  of  elevators.  The  elevatoTposited  iUn°?he 

From  'ZVT*  a 

preparation  for^the  ™  ^  ^  miXcd  wi*h  sal,  in 

at  maenvatW  7  WaSh°e  (Freiberg)  pr°Cess’  could  °"'V  be  used 
because  the  ore  was  too  low-gr^de  L^us  frv  e’"1'8  C"ncen‘ration  bad  to  be  undertaken 

rsrsr;^ 

very  thin  They  were  fed  hm.mhfif  ,  beCaUSe  the  Calico  Pu|P*  eould  be  worked 

’5  Percent  off™  aty‘ t.t  and  STmu^h  T  T*  ^ 

recovered.  cn  ds  percent  ot  the  amalgam  being 
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siiX^fmt  JHZhfu  dUmPS  a‘  Ca'!C°:  Cal!,omia-  where  ear'y  »l<*r  miners  used  amalgamation  to  recover 
JZL  f  mujf'  V  concentrated  silver  chloride  ores  The  limitations  of  19th  Century  technoloov  and 

TecZlmmiZl  **  W°*!"°  °f  ^  <*»•*  to  oniyZTZZZ  % 


Smelting  had  to  be  used  if  the  silver  was  accompanied  in  the  ore  by  much  lead  or 

S’  oTSr«nhtLCl?80th  ‘he  ™JT*y  °f  ^  WeStem  °reS'  In  the  Tombstone 

!  I?  ot  Anzona  (in  the  1880  s),  concentration  was  achieved  by  various  gravity  devices 

in  the^mpir  COncentrates  were  made  int0  bricks  by  binding  them  with  slimes.  The  flux  used 
in  the  smelting  was  manganese  ore  and  proved  to  be  most  successful. 

n  the  lixivation  of  silver,  five  processes  were  used  during  the  period  before  1872  The 

thT,Te  Pr°CT  W?u  m°Stly  employed  on  C°PP«-  mattes  by  roasting  the  ore  to  drive  off 

th!  rh]UT’/rmdl?u  the  r°asted  °re’  then  roastin«  it  with  salt  to  form  chlorides,  dissolving 
chlorides  with  a  saturated  solution  of  salt,  precipitating  the  silver  with  copper  and 

finally  compressing  and  melting  the  silver.  The  Ziervogel  process  began  by  roasting  the 
?‘  r  ,°  P™dpce  sulfates  and  then  went  on  to  decompose  all  the  sulfates  except  that  of 
d  e,  ’  jmaUy  dissolving  out  the  silver  sulfates  in  hot  water.  The  Voor  Patera  and  Kiss 
methods  were  about  the  same,  using  roasting  to  drive  off  the  sulfur,  leaching  with  hot  water 
™"ovfe  soluble  salts  roasting  with  salt,  dissolving  the  chlorides  by  sodfum  hyposulfite 

mcth^t  ii"?  S,uver  I  sodium  Polysulfide,  and  then  reducing  the  silver  sulfide  But  the 
«  had  the  widest  apphcation  and  the  most  successful  results,  tried  and  tested  in 

d''f0s'^sthf  for  it  proved  that  it  could  hold  its  own  both  economically  and 

metallurgical^  with  amalgamation  of  free-milling  ores.  y 
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10.  Production  Costs 

1 *£££  f  ba"d involved  in  minentls  production  prior  to 

course,  is  that  labor  was  paid  faHesTrhan  ™ V  °W  by  present  standards.  The  reason,  of 
miners  were  paid  between  $3  50  and  U  (n  j  "  m°f  of  the  mining  districts  of  the  West, 
Skilled  smelter  workers  were  naif  sfi!hdvPemr  ^  S*  the  **?  ‘aStCd  from  te"  to  1 2  hours. 
Northern  Idaho  for  example  wnndrh 8  y  mo^e'  Coir,mon  labor  received  much  less.  In 

and  $75  per  moirth  pf  s  board  f  lt 79 andfcharcoal  b“™^  were  paid  between  $65 
day.*  3  v  P|us  board  ln  1872.  In  most  cases  this  averaged  less  than  $3.00  per 

another.  In  most  ofVf ahfofkf gold  d is  trie ts *£?  th e  °]  8 tfO’fm  * fr°m  ^  reS'°n  ‘° 
about  $2.50  per  ton.  In  Nevada  and  other  parts  of  the  Wef  ’  ?”mn8  C°S‘S  a'°ne  averaged 
the  Comstock,  costs  ran  about  $4  OoZ  ton  of  ore  f  „ed  ’  f  W6re  n0rmally  higher'  °" 
mining  costs  were  occasionally  as  high  as  $  1 0.00  perTon  ’  ‘n  S°me  rem°‘e  areas 

only  fpo" Va™ble>  depe"d*"g 
of  their  metallic  content  At  Grass  Valiev  r  i  f  '  °res  T d  the  processes  used  m  recovery 
hard  rock  gold  ore  amounted  to  a  ifeLrf  1°™  s  a  a?'  ,860’s>  total  mdli"8  «*ts  for 
districts,  beneficiation  costs  were  as  low  as  so"  ,°  per  ton  treated-64  In  some  other 

between  $3.00  and  $10.00  per  ton  treated.  ^  5°  PCr  t0n’  Smelting  costs  averaged 

higher  than^oday^ra^  metal  in  a  ton  of  ore  was  normally  much 

$200  per  ton  for  some  of  the  better  leaH  -i*11  some  itbe  low-grade  gold  placers  to  over 
treatment  costs  and  the  price  of  the  rem  S  J61  °j6S  ’  t  le  difference  between  mining  and 
Extremely  high  Zs  were  paid  to  fa nsn^f  Pr°dUC‘  W3S  n°‘  a”  profit  for  tba  Producer, 
by  far  the  largest  single  item  in  the  cost  of an?  s,llpplng  was  in  most  cases 
Arizona  mines  in  the  1860’s  freight  rhora  t  ^ered  mineral  commodities.  From  some 

S25  per  ton  for  ore  that  toofonW  $10  0^10°  ?dUCt,°n  ™*s  in  Sa"  Francisco  exceeded 
Wickenburg,  one  of  the  few  gfdminesin the &T*  ZZ''  M  the  Vu,tUre  Mine 
from  the  mine  to  the  mill  (a  distance  of  1 4  fifes)  coT$8 00 It d’.e  bauling  of  ore 
some  properties  in  Nevada  were  paying  freight  charges  nftin°  P,  At,  the  same  time- 
more  remote  areas  had  ,0  pay  as  much  as  $  1 40  pefon  to  ship  the"  o°reZ  3  ^  minCS  in 
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C.  CHANGES  IN  MINERAL  PRODUCTION  TO  1947 
1.  Changes  in  Mining  Methods 

2 

Undoubtedly  the  most  significant  change  in  the  mining  industry  of  the  Western  United 
States  from  1 872  to  1 947  was  the  general  shift  away  from  the  precious  metals  and  high 
unit-value  minerals  to  the  production  of  base  metals  and  lower  unit-value  industrial 
minerals.  Improved  transportation  was  a  major  factor  in  the  tremendous  expansion  of 
western  mining  in  the  almost  eight  decades  between  1872  and  the  end  of  World  War  II.  A 
network  of  railroads,  giving  access  to  base-metal  districts  whose  economic  success  depended 
on  rail  haulage,  was  virtually  complete  by  1947.  A  corresponding  network  of  paved  highways 
had  grown  rapidly  since  the  1930’s.  Trucks  had  replaced  the  oxcart,  and  air  travel  was 

expanding.  Electric  power  had  replaced  steam  power,  and  numerous  other  technological 
innovations  had  been  introduced.  ® 

Mechanization  in  mining  increased  substantially  towards  the  end  of  the  19th  Century 
and  took  many  forms.  Mine  cars  used  for  hauling  ore  both  underground  and  in  surface  pits 
were  of  several  types.  The  solid  or  box  type  ore  car  required  a  rotary  dump  at  the  loading 
point  while  the  rocker  dump  type  (with  a  V-shaped  body  rounded  at  the  bottom),  the  gable 
bottom  (shaped  like  a  capital  W  in  cross-section),  the  Granby  car  (which  was  a  side  dumper) 
bottom  dump  cars,  and  end  dump  cars  all  required  less  elaborate  auxiliary  equipment 

Loading  machines  came  on  the  market  in  the  late  1 800’s,  driven  by  compressed  air  or 
electricity  They  were  generally  of  two  sizes,  the  power  shovel  that  could  work  in  large 
drifts,  and  a  smaller  and  lighter  loader  for  working  in  small  openings.  Also  introduced  were 

car-loading  slides  useful  in  the  mining  of  flat  deposits  where  vertical  raises  were  not  needed 
and  in  driving  drifts,  cross-cuts,  and  tunnels. 

Self-acting  endless  chains  or  conveyor  belts  were  in  use  as  early  as  1895,  but  the  most 
important  innovation  in  hauling  ore  from  stope  to  shaft  was  the  use  of  locomotives.  Electric 
traction  had  proved  to  be  the  best  of  all  in  surface,  non-mining  applications  and  was  coming 
into  its  own  about  1896  in  mining  as  well.  The  underground  trolley  locomotive  taking  its 
power  from  overhead  wires,  became  used  for  the  heaviest  work,  while  the  locomotive 
working  off  batteries  that  required  no  wires  could  work  in  all  kinds  of  difficult  places 

Compressed  air  locomotives  also  had  their  advocates  and  in  many  cases  were  no  less  efficient 
than  the  electric  ones. 

Mechanization  also  played  an  important  role  in  the  auxiliary  operations  of  mining 
particular^  in  those  concerned  with  environmental  control  and  waste  management.  The 
availability  of  electric  power  where  needed  in  the  mine  was  a  major  contributing  factor  in 
the  changes  that  took  place  in  these  operations.  In  the  handling  of  excess  water,  various 
makes  of  electric  pumps  were  introduced  the  1890’s  and  early  1900’s.  These  new  pumps 
had  tremendous  capacities  and  great  mobility.  A  three-throw  Cameron  could  raise  8  400 
gallons  per  hour  to  a  height  of  4,800  feet,  and  one  of  the  first  electric  turbine  pumps  in  191  1 
unwatered  the  Columbus  Consolidated  mine  at  Alta,  Utah.  But  the  appearance  of  electric 
pumps  also  marked  the  inevitable  replacement  of  the  Cornish  pumping  engine  for  the 
reciprocating  rods  or  spears  of  the  Cornish  pump  were  replaced  by  fixed  pipes  carrying  a 

column  ol  water  which,  when  acted  upon  by  the  impellers  of  the  turbine,  caused  the  water 
to  be  forced  to  the  surface. 

The  devices  introduced  for  improving  mine  ventilation  were  legion,  as  the  Enaineerino 
unci  Mining  Journal  demonstrated  when,  in  1912,  it  published  the  Handbook  of  Mining 
etaih,  which  consisted  of  a  series  of  articles  on  mine  atmosphere  control  published  in  the 
previous  ten  years.  Early  instances  were  noted  of  prospectors  who  would  build  a  fire  at  one 
side  of  the  bottom  of  a  shaft,  a  method  that  was  especially  effective  in  a  two-compartment 
shaft  and  even  more  so  if  it  were  improved  by  a  small  sheet-iron  stove  with  a  long  chimney 

to  the  surface.  Even  sails  had  been  known  to  have  been  erected  to  deflect  the  wind  down  a 
sheet-iron  pipe  to  the  bottom  of  a  shaft. 

With  another  method,  ventilation  could  be  improved  by  a  system  of  hydraulic  air-blasts, 
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the  installation  of  ZZioTZZZ  T  ^  facHitt*d  unde^ound  ventilation  bef, 

dictated  by  the  terrain  in  Zioh TnnlT  ■  Z  C°mm°a  Such  foment  eras  also  quite  oh 
Pioneers'  HistoricaSsociety)  deposit*  «*•  (Photo  courtesy  of  Arizo 


Ci?y,  CaUfo™  a  In  thTs  me  lod  thre  h  ,  °k  'eVe'  *"  the  Pittsbur«h  mine  near  Nevada 
top  and  two  on  the ££«  1 £'£?e  we/^bored  m(o  a  tight,  strong  barrel,  one  in  the 

fitted  tightly.  Pipes  were  fanned  ZZZ  Z  'T<  the  °ne  at  the.  toP  of  the  barrel  a"d 
arrangement  attached  to  earh^A  n  ^  ot^er  holes  and  some  kind  of  valve  or  spigot 

the  funnel  on  he  baff  head  UnTn  n,  P'Pe’  COn"ected  with  a  water  supply,  opened  into 

forced  into  the  barrel  through'  the  two  ^nin  ‘  PreSSUre’  air  was  trapped  and 

Se sWr,hTtdtheewUafPrrw0aseieatS  ou,"  ?y 

is z&F  KtissM  rss  a  vi 

andSefty1foCof\vff  'f"'fCfanKaH0n  °f  S°r‘S’  Were  rapid,y  replaced  in  the  'ate  1800’s 
devices  In  1 9 1 2  at  he  2  000  fooff  TT"'/,0"  with  ^hanized  air  current  control 

Sturtevant  multivane  fan  was^ta^operation  ^orifcTbsTa  20*horse  ^  ?*’  Nevada’  a 
same  year  at  the  CooDer  Oaeen  Min^  at  d-  u  a  a  ^  horsepower  motor,  while  in  the 

At  the  New  Almaden  Quicksilver  mine  in  1  son  all  r»f  tiiA  a’fc  , 
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achieved  byTh^phcement^dooTs  whkh^oreed^"'1131*0^  be°ame  "ecessary-  This  was 

tt'aas  k&»S 1? ™  * ~  -per¬ 
used,  driven  either  by  hand  power  or  L  Lit  h  failed>  bl°wers  or  fans  were 

way  of  ventilate  drifts  when  fans  were  not  Sw/’ Th™6  !?“"  Was  by  far  the  simplest 
a  r  drills  also  kept  the  mine  atmosphere  fresh  A  ^  T  '6  exhausted  air  from  compressed 
blasting,  the  stopcock  conveytag  comLln  8  aC*Ual  process  of  drilling  After 
compressed  air  rushing  ontoThe  17  o?  helif?  T  *"!!  C°U,d  be  <“™d  o^thl 
blowmg  out  the  noxious  gases  and  dust  formed  bv  he  ,?US/ed“cing  the  temperature  and 
ans,  the  compressed  air  pipe  remained  one  nf  b  astlng-  Despite  the  introduction  of 
underground  mines  after  1  87 2  tbe  pnmary  sources  of  fresh  air  in 

f°rf  surface  deposits.  It  was  the  neTeauZe^  “d  b°th  Strip  and  open  pit  minTng 
systems  feasible,  with  drilling,  loading  and  ha„lin«  however’  that  made  such  large  volume 
e  lciency  of  any  mass  mining  method.’  g  equipment  of  targe  capacities  vital  to  the 

2.  Changes  in  Copper  Mining 

to  the  mining  of  ^cio'uf  m^l^nrhightriy56  Pri°r  ‘°  the  ,880’s  had  been  well  suited 
Mmes  at  Butte,  ?ega,n  f  Mo™ci,  Arizona, ^Tb79 $ 

£?£=:  s™  stSSs-F ---  a? 

B,bee,  Began  to  he  mined  a,  about^^^“^  -  at 

improved  methods  of  ccmcentraticm’  tla^8e'scale  mining  methods  came  West  together  with 

?  r d  -  asrsi-s 

would  normally  raise  this  to  $20  None  of  ?2f  ‘°n'  Precious  ™etals,  usually  present 

pHHSSlgppS 3355S 
ilipHssiSisii 
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equipment  nor  did  they  inwhe HextemlveZlf/oDmTnt^h  theadvantage  of  large-scale  materials  handling 
not  really  start  in  the  West  until  the  initiation  of  the  ft  h**  ™m,ng  ^sterns.  Large  open  pit  mining  did 
in  1907.  ,photo  courtesy  of Zone. U'°h  mpany 

Largetuy  tonnCaegef  We\the  ^  *°  »«*»  ‘he  porphyries, 

and  broken  by  blasting)  and  hauled  to  ?hovel^after  t»eing  dolled  by  churn  drills 

large-capacity  trucks)  This  was  trnlv  ^  .ln  *?0n(*0  a  ra^r°ad  cars  (later  mainly  by 
production  in  the  West  was  also  mining'  °ther  base  ^tal 

mer0rrw^ 

stimulated  demand  for'an  a! toy  t’o  m^ke"  iTd*  *°  1*°  demand  f°r  mo|ybde™m.  but  the  war 
came  from  Wulfenite  (lead  molvhdate-1  H  ^  ^  s  ron8er  steel.  In  1915,  major  production 
(molybdenum  sulfide)  ore  was  mined  at  rr°S1  S  In  |'iri20na7>  ;ddK)u*i'  some  molybdenite 
post-war  depression'  but revived ™ f923  MtL  ?  f  Dema"d  feU  °ff  during  tbe 

introduction  of  large-scale  caving  meS  underground  86,y  38  ^  reSUlt  °f  the 

3.  Changes  in  Iron  Mining 

Sporadic  tf^ircommencedln  SStln^  an'd^h  °f  teChnolog-'  -gress. 
Relatively  .mportant  westem  mon  mmmgwas  non^x.stenTLr  0660  8°ing  °"  in  '86°- 
no  markets  of  its  own  and  no  transportation  to  eastern  marke^^O^^  the 
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mining  of  iron  ore  began  in  the  Hartville  district,  80  miles  north  of  Cheyenne,  Wyoming, 
and  in  the  early  1 920’s  the  United  States  Steel  Corporation  built  a  steel  works  at  Provo,  30 
miles  south  of  Salt  Lake  City,  Utah.  The  iron  ore  used  at  Provo  came  from  the  Iron  Springs 
district  in  far  Southwestern  Utah.7  3  8 

The  nation’s  main  iron  ore  fields  were  located  in  the  late  1800’s  in  Alabama  Colorado 
Connecticut,  Massachusetts,  Georgia,  Kentucky,  Maryland,  Michigan,  Minnesota,  Missouri’ 
Montana,  New  Jersey,  New  Mexico,  Utah,  New  York,  North  Carolina,  Ohio,  Oregon’ 
Pennsylvania,  Tennessee,  Texas,  Virginia,  and  Wisconsin,  but  by  far  the  most  important  (in 
terms  of  total  output)  were  the  mines  of  the  Upper  Peninsula  of  Michigan.  Pennsylvania 
however,  led  the  way  in  limonite,  although  the  oldest  and  most  important  iron  mine 
anywhere  in  the  country  (operating  since  1740  and  still  working)  was  then  at  Cornwall, 
Pennsylvania,  and  was  remarkable  for  its  rich  magnetite  ores.  Nevertheless,  Michigan 
produced  the  most  hematite,  and  New  York  the  most  magnetite.  The  richest  ores ’were  to  be 
found  in  Minnesota  and  the  poorest  in  Georgia  and  North  Carolina. 

Mining  methods  varied  from  place  to  place  according  to  the  nature  of  the  deposits.  Jn 
the  Lake  Superior  district,  where  the  deposits  were  hematite  and  of  high-grade  Bessemer 

•’  °re  Was  ^ound  *n  ^at  deposits.  In  the  Mesabi  district  of  Minnesota,  it  was  almost 
100  miles  in  length  and  90  feet  thick,  and  so  easily  worked  that  at  many  mines  not  a  single 
hole  had  to  be  drilled  for  blasting.  At  Iron  Mountain,  Missouri,  however,  the  ore  had  to  be 
mined  by  more  conventional  methods,  but  in  Massachusetts,  open  pit  mining  was  also  used. 

I  he  iron  ore  deposits  of  the  West  have  been  mined  by  open  pit  methods.  This  includes 
not  only  those  operated  in  the  early  1900’s  but  also  those  developed  during  World  War  II. 
The  important  production  of  iron  ore  started  in  Nevada  in  1 943,  when  ore  from  the  Buena 
Vista  Hills,  southeast  of  Lovelock,  was  used  mainly  in  heavy  concrete  aggregate  for  ship 
ballast  during  World  War  II.  Significant  production  of  iron  ores  in  California  started  in  1942 
when  the  Kaiser  Steel  Company  opened  the  Vulcan  Iron  Mine  in  San  Bernardino  County  to 
supply  their  steel  plant  at  Fontana. 


4.  Changes  in  Precious  Metal  Mining 


While  copper  and  other  base  metals  were  most  often  involved  in  the  changes  in  minerals 
production  that  took  place  in  the  United  States  between  the  1870’s  and  the  1940’s,  the 

rAdnUCt?in°!/rniOUS  metalS  remained  an  important  facet  of  western  mining.  Between 
1860  and  1934,  United  States  gold  production  fluctuated  between  less  than  two  million 
ounces  and  lour  million  ounces  per  year.  With  tlje  increase  in  the  price  of  gold  from  $20.67 
per  ounce  to  $35.00  per  ounce,  production  expanded  so  that  in  1940  it  reached  an  all-time 
h!gh  of  nearly  five  million  ounces.  In  October  1942,  however,  the  mining  of  gold  was 
prohibrted  except  as  a  by-product  in  the  mining  of  metals  critical  to  the  war  effort 
Although  the  ban  was  lifted  after  World  War  II,  costs  rose  rapidly  after  the  suspension  of 
wartime  wage  and  price  controls,  while  the  price  of  gold  was  frozen.  The  Homestake  Mine  in 
South  Dakota  was  one  of  the  few  mines  producing  only  gold  to  reopen,  and  in  1947  was 
almost  the  only  one  of  such  mines  in  existence  in  the  United  States.74 

With  the  advent  of  mining  in  large,  low-grade  disseminated  copper  deposits  an 
important  new  source  of  gold  was  tapped.75  While  the  gold  content  per  ton  of  porphyry 
copper  ore  was  very  low,  the  immense  scale  of  mining  resulted  in  a  considerable 
contribution  to  domestic  gold  production.  Important  as  the  contribution  of  the  porphyry 

ohiPcersS  RlS’thVen  'h  '  .Tuf till,!’ein8  exceeded  by  that  of  “straight”  gold  mines  and 

placers  By  the  end  of  World  War  II,  base  metal  ores  (mostly  porphyry  copper  ores) 

accounted  for  less  than  30  percent  of  total  domestic  gold  production,  while  precious  metal 

ode  mines  (including  silver  mines)  provided  nearly  40  percent  of  the  nation’s  gold  output. 

le  Homestake  Mine  accounted  for  a  major  share  of  the  lode  mine  production  Bucket  line 

thhrlTof  th‘  working  California  placer  deposits,  accounted  for  the  remainder  (nearly  a 
third)  of  the  gold  mined  in  the  United  States.  * 
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Fig.  36 
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States^between  Ts^ZT  m?' 7?.  tbr°fUghh‘  int°  producti°"  «>e  Western  United 

mid-1 940’s  The  mini  nf  •  ^  ™St  °f  these  were  virtually  exhausted  by  the 

has  always  been  strongly  affectedTv  thf  ^  3S  th°SC  °f  b°th  silver  and  gold> 

when  the' government T*1*  dr°Pf>ed  radkally  about  '893 
districts  brought  into  production  was  severe  B[e%°n‘he  "umber  of  sdver  and  silver-gold 
domestic  silver  production  came  a«  a  nrr>H  t  /l  ’  b°wever>  nearly  three-fourths  of 
came  from  silver  and  silver-gold  ores  ^  °  ase'm®ta'  fining,  while  only  one-quarter 

practically  no  effect  on  silver  rueSu1.1,,was  that  the  price  of  silver  ca™  to  have 

depende/on  demand  for  bale  m^s  "'  Wh'Ch  beC°me  re'a,iVely  inflexibk  ««*P‘  a8  it 

in  1 886,  were  stUlTravUy ' productive  W^er^in"? 947 ' r‘Ct’fldaho>  p'aced  in  Production 
so-called  Silver  Belt  in  that  dlstrirt  h’.H  k  I  l947:  ”  faCt’  ln  the  ear'y  1930’s,  'he 
associated  with  copper  than  whh  lead  and  the  v  7°^'  i1^’  Silver  WaS  more  close|y 

metals.7  7  Development  of  the  Silver  Reh  t,  0f,the  Sllver  exceeded  that  of  ‘he  base 

producer  of  silver  in  the  Un  ted  States  rn  38  co"t,nued  *°  date.  a"d  it  is  now  the  leading 
Park  City  and  £n.ic  ^er  by;p™d-'  'ead-zinc  districts  of 

United  States  and  Lark  lead-zinc  mines  at  Rinah^m  tu*^3^  has,  been  revived  since.  The 
silver.  By  1947  lead-zinc  and  mnrn  Bingham,  Utah,  were  also  important  sources  of 

domestic  silver  production.^  b3Se'metal  °r6S  3CCOUnted  for  over  half  of 

exploitation  of  the  porphy^copper^bTaTn  mh7907r°dUCed  Si'Ver  3S  3  by'product-  Before 
high-grade  veins  (Butte  Montana-  nirf*nn  •  9°7,  a0pper  mimn8  had  been  confined  to 

(Jerome,  Arizona)  o  mpTacement’  denoch  T"’  AnZOna)’  massive  deposits  schist 

These  high-grade  copped ^deSs  vJdT  'T,  f  (Bisbee  and  Morenci,  Arizona), 
the  Anaconda  Fr°m  1884  to  '898,  ore  from 

porphyry  coppe^n^  ^2^Ve^,4fI<T“*  7  7  t0"'79  COntrast' 

producing  10  million  tons  of  ore  per  year  would  7^7  ?f  S1'7  per  ton'  but  a  m>"e 
million  ounces  of  silver.  By  1947  Conner  ore,  f  ^  u^a  fromi  200’000  to  more  than  a 

produced  in  the  United  States.80  PP  furnished  nearly  a  quarter  of  the  silver 

the  ti777tracti7b0yrttahne  r£h^l“  wettf ‘ TM  production  West  after 

production  early  in  the  period  Eureka  and  Whitt  dpP°slts’ sev®ra'  were  brought  into 
Cottonwood,  Utah  in  1870  Park  Ciiv  irt  u  •  iS  ?ine’  Nevada>  started  in  1869, 

Tintic,  Utah,  in  1879  Minir^  .1f2!  “He,  Colorado,  in  1875,  and 

near  the  surface,  but  all  encountered  inrre-  ■  1StriCts  started  on  silver-lead  carbonate  ores 
penetrated  the  sulfide  zone.  dSin^  concentrations  of  zinc  at  depth,  as  they 

5.  Changes  in  Mining  Other  Metals 

1 902 'the^New* Jersey ^inc'comp^iyttarted  mhU  ^  P°PUla,i°n  and  indUStry  8™‘b- 
Production  of  zinc  from  the  started  mining  zinc  ores  at  Hanover,  New  Mexico  8  1 

I903.82  Production  o(7J ta  U^^in  1  wVfte  f  %  °f  b‘*a"  » 

the  Park  City  district  starts  •  g  ■  r  1 4  In  tbe  ^an  Francisco  district,  and  in  1905 

'91 2. 8  3  Tim5 mineTt GSS^N^^oUowd.by  Bingham  in  1909  and  bV  Tmt'cin 
The  production  of  otLr  g  ’  ♦ T  ,  ’  became  a  zinc  Producer  in  1906.84 

proportions  in  the  West  until  nearly3  the  Middle  7  n0t  begin  in  siSnificant 

has  been  the  chief  source  of  United  stafp  °  e  20th  Century.  California,  however, 

mine  started  producing  in  1850  Flowed  771 N  ^7"  eVer  S‘nce  the  New  Almaden 
important  past  and  present  quicksilver  minee^Jh  NeW  ,Idna  mine  ,in  l858-  most  of  the 

mines  with  modest  reserves  of  mercury  minerals  carne^to^^^'0"^  ' 875,8 5  A  few 
century  in  Oregon  and  Idaho  as  well  as  in  m»  7  77Pd  tlon  dunn8  the  present 

Nevada  started  production  as  recently  as  1940  86  ^  3  6  ordero  Mine  in  Northwestern 
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Table  26 


°PERATING  DATA  FOR  GOLD-DREDGING  OPERATIONS 
IN  THE  UNITED  STATES  IN  THE  1930’s 


Dredge  and  Year 

La  Grange,  Calif.,  1932 
Lancha  Plana,  Calif. 


Natomas,  Calif.,  1932 

No.  2 - 

No.  4 - 

No.  5 - 

No.  7 - 

No.  8 - 

No.  10 - 

Total  and  average 

Placer  Development  Co 
Calif.,  1932 
Shasta  Butte,  Calif 
1932 

Trinity,  Calif.,  1932 
Yuba,  Calif.,  1932 

No.  14 - 

No.  15 - 

No.  19 - 

Continental,  Colo. 

1932 

American,  Idaho,  1932 

Idaho,  Idaho,  1932 
Empire,  Oreg.,  1932 
Fisher  &  Baumhoff, 
Warren,  Idaho,  1937 
Fisher  &  Baumhoff, 
Granite  Creek,  Idaho, 

1937 

Fisher  &  Baumhoff, 
Centerville,  Idaho,  ’ 

1937 


Gravel 


Nature 

Loose,  no  clay,  5 
percent  boulders. 
Medium  tight,  20 
percent  clay  and 
loam. 


Loose,  few  boulders, 
little  clay. 

Fair  digging,  some 
clay  and  hard  gravel. 


Some  boulders 
and  clay. 

No  boulders  or 
clay. 


Few  boulders. 
80-85  percent 
sand  and  fine 
gravel. 

80-85  percent 
sand  and  fine 
gravel. 


Average 

Average 

Monthly 

depth, 

Yardage 

feet 

Handled 

30 

217,000 

40 

63,500 

30 

152,000 

28 

271,000 

50 

147,000 

36 

177,000 

58 

237,000 

51 

259,000 

— 

1,243,000 

25 

100,000 

— 

130,000 

25 

100,000 

54 

900,000 

58 

900,000 

74 

900,000 

— 

122,000 

15 

50,000 

20 

75,000 

24 

75,000 

20 

120,000 

23 

42,500 

23 

133,000 

Average 

Total 

Operating 

Operating 

Time 

Cost 

per 

per 

Day 

Cubic 

(hours) 

Yard 

20 

$0,038 

18 

.147 

20 

.053 

20 

.038 

18 

.073 

20 

.053 

20 

.052 

20 

.045 

20 

.050 

20 

.0797 

18 

.062 

20 

.060a 

— 

.041 a 

— 

.041a 

— 

.0413 

20 

.067 

20 

.070 

22 

.100 

20 

.062 

21 

.045^ 

— 

.1415 

— 

.0758 

‘‘Excluding  taxes,  insurance,  and  administrative  expense. 
Depreciation  and  depletion  2  to  2 Vi  cents  additional. 


Source  of  data: 


S.D.  Woodruff, 
1966,  Vol.  3. 


Methods  of  Working  Coal  and  Metal  Mines  New 


York: 


Pergamon  Press, 
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During  the  first  half  of  the  ?nt h  ra  + 

beryl,  containing  about  11  percent  bervlliu  C  Chiefsource  for  beryllium  was  the  mineral 
consumption  (largely  from  imports)  oAe  °Xlde-  United  States  Production  and 

War  II  stimulated  demand  through  discover  of"  Were  ,negligible  until  1941,  when  World 
sources  of  beryl  in  the  United  States  bv  P  947  "umber  of  war,1me  uses.  The  principal 
Colorado,  and  New  Mexico.87  Theminineof.  6re  Pe8matite  dikes  in  South  Dakota 
negligible  before  1942,  in  which  year  the  AtomfcT  mm"als  in  the  Unifed  States  was  also 
new  deposits  in  connection  wit/  the  Manhan  EDnergy  Commission  started  a  search  for 
however,  and  all  production  came  from  nrevio  ^  N°  new  deP™‘8  were  found 
district  of  Southwest  Colorado.88  By  1947  “r^,1kn0Wn.  deP°sits-  chiefly  in  the  Uravan 

capi'tal  lo4°’Siand 

apital  loans  also  contributed  to  the  boom.  ’  °  ’  tec|mical  assistance,  and  low  cost 


6.  Changes  in  Industrial  Minerals  Mining 


change  during  the  plnod*  from"  1  £7  ^ t " h'1/,,"0"!'1'61  mineral  industries  to  undergo 

definite  movement  toward  the  West  had  take8  EaStern  Seab<*md,  but  a  strong  and 
1947,  a  significant  part  of  the  nation’s  poDUlatin/r  °!iby  ‘u®  end  °f  tlle  19,h  Century  By 

In  1 880 !  S  we/e3  6?6  maj^limef f0mia  dUri"8  *he  "^^Oyears  h'6"  35  V18°r°US 

Produced  in  Colorado  and  California  At  thl^  ?"ly  Sma"  amoun,s  °f  lime  were 
natural  rock  cement  (which  differs  in  ’composition  »’  ^  dom,nant  domestic  cement  was 
most  of  which  was  produced  in  New  York  Kenturk ‘nd ,p!;operties  f™  Portland  cement) 
3.25  million  barrels  of  cement  were  lndlana-  and  Pennsylvania  In  ISS?’ 

barrels  were  Portland  cement  In  1  *  u  d  1"  lhe  United  Sta*es,  and  of  this  onlv  85  non 

hut  r  IT  tS  °f  cement  were  produced  in  Colorarin  r4??  p  unds  and  was  worth  $2.25 
in  iSiTu  C0nsumed  comparatively  large  amountnr llforn,a’ °regonr  and  Washington 
I"  8f81)-  The  rebuilding  of  San  Francisco  aftJ th  -  ,mported  cement  ( 1 00,000  barrels 

ind Z  T  3  StFOng  market  ^  1906  and  l907  threaK  6arthquake  local  cement 

AlthffH  i  p*,oduction  of  cement  in  the  Western  States^  h  estab,ishin8  a  vigorous  local 
Although  deposits  of  limestone  occur  in St * es  was  begun  on  a  significant  scale 
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to  all' "pulses  e^H^r k*  (dim“  and  crushed  a"d  b™ken 

less  than  five  percent  of  the  lim^stoeto  lteTh  'T"4  °^he  l,mestone  for  cement-  and 
the  cement  industry  of  1 041  hf  to ![ These  f’8UreS  11 llustrate  ‘he  strong  position  of 
nominal  DrodncHo7.f  i  .  7®  less  P°Pulous  '  >  Western  States  compared  to  rather 

percent  ofThe  natio  '“'“f  f°r  0ther  uses'  The  Western  States  produced  about  en 

th ^percentage  TZLVZVmT  ^  ^  nM-l93°X  b“‘  ^  ^  “d 

increasedP[n<the^1West>\i°tweenlniC!t7S?rla7m| oan'V11861^  “  the  construction  industry  also 
been  used  to  make  nla^f  .  and  1947'  GyPsunb  calcium  sulfate  plus  water,  had 
erected  in  |s7<;  k  P  ‘  fr°m  tlme  lmmemorial-  The  first  plaster  mill  in  California  was 

deposits  of  y  um  had  tZTveZel  “d  S^'a.  *“*"  C°Un‘^  ^  1 947  "Mor 
Nevada.  Bentonite  a  member  of  the  h  \  TV"  puroduction’  specially  in  California  and 

this  reason  it  is  usedfcr  dri  hn*  m„d  V  TfY’  u  **“  PWperty  °f  swel,in«  when  we<-  For 
The  enormous  deposits  of  bentnmt/  “w  for  other  industrial  and  construction  purposes. 
1947  the  first  hent.  -t  ntomte  in  Wyoming  and  South  Dakota  were  well  known  bv 

Wyoming  ”  en‘°n'te  ,reatmem  P'ant  havin®  been  -  1921  near  Medicine  Bow! 

closd" fe7,edUC,0OrLZ171h"‘ndUS,rlal  in  the  West  has  been  quite  so 

that  serve  national  aS  "ha, weaTn  , 7.  °7  P°PU la,ion8row‘h-  These  are  the  minerals 
eliminate  United  States  deo  n  e  p  d!  f  markets‘  ,y  in  tlle  1900’s’  in  ordcr  to 

deposits  was  begun.  Although  started  in0? ^e,an  sources  ot  Pota^h’  the  search  for  domestic 
production  from  the  Carlsbad  t  J’  the  Search  ',nally  resulted  in  the  start  of 

•he  Searles  Lake  brines,  howe’ver,  had  b eg7 n  ftf? 9 ‘l  6 ' 'Ct her ' . ° d U c,‘ 1 0 n  of  P°*as"  from 
also  becoming  important  to  the  nation  0t  ler  cllernical  raw  materials  were 

more.  Natural  soda  ash  fsodinm  ■>.  u  ’  Wes  sources  were  being  utilized  more  and 

1885  and  prod^to ^wafstd,  under^m  947  ^  California'  111 

Lake  brines  since  1927  Production  did  not  ho-  V  a,?S1  lad  been  Pr°duced  from  Searles 
Green  River,  Wyoming.  unS  1948  "«  tr0mtl,e  enormous  dePosi‘s  of  soda  ash  at 

are  Unh'd  ""“Urtotox  sodium  and  calcium  borates. 

In  1872  borax  was  firs^  te,d  State,s’ notab|y  Southeastern  California  and  Nevada. 

production  of  borax  from  similar  lakes°in  Death  lake)  depos,t‘’  in  Nevada,  and  the 

exploitation  of  the  calcium  borate  h7  m  Deatb  Valley,  California,  began  in  1882.  In  1890, 

Production  of  borates  from  the  SearlesTake^rin  'C°’  Callfon’la>  an  old  silver  camP.  began. 

Of  the  Kramer  sodium  K  ,n  l919',while  development 

be  mined  by  standard  surface  method.8  7’.  While  some  of  these  deposits  could 

techniques.  methods'  S°me  required  the  development  of  new  mining 

in  uleebymt!!7tly  WOO’s"  eZTX!  klT  ‘T  'T*™*  to  bri"c  deP°sits-  — 

in-situ  leaching,  hL  been  inloducedw"n  reCCn'  in"OVa,i<)"- 

in-place  leaching  was  in  the  e  irlv  l  o?n’c  ot  h  *  •  4 Z‘  °1C  °  le  ,rst  applications  o I 
Canyon,  Utah  There  leach  solnfi  ie  Ohio  (  opper  Company  mine  at  Bingham 

overtying  a  portion ^of  the  caved  zone  ofT  d,s5r,buted  “>e  surface  of  a  large  hill 
in  the  leaching  because  it  was  beheved  underground  mine.  Slow  percolation  was  used 

deemed  favorable  for  continued  and  rapid  d Volition  °o?  the' copper  ^ 

7.  Changes  in  Beneficiation 

a  pronounhcend8ienffecatone,he  mtoraT ^  ^  West  after  tbe  >  860’s  had 

itself.  While  the  mining  process  remained  J  n  Pr°CesS'  perl,aPs  more  so  than  on  mining 
process  expanded  drastically  and  became  f  s  n  la  y  tbe  same  in  principle,  the  beneficiation 

fact,  for  many  nune  a  le  proce^o  ^  n^fl"1?'6  “7'eX  ‘han  St  had  been  Previously.  In 
after  1 870.  P  benefication  did  not  really  come  into  existence  until 


397 


part^f  the^chim^es^that'orajrred'in'nfine^^h  °ffeXiSting  Pr°CesSes  f°™d  ■»  important 

taSg!l  isCcieVing  T  redUCti°n  3nd  ^vi“emr0al0nfth,S  meChaniza,ion  was 

fragments.  By  1 860  there  were  sevlraUhldTof1^  rfdualn.8  the  ore  int0  the  smallest  feasible 
by  1900  a  number  of  specialized ZmZZ  5d"  r°C,k  breakers  on  the  market,  but 
crusher.  The  principle  of  the  jaw  crusher  was  thitnl  themselves-  °ne  of  these  was  the  jaw 
revolution  caused  a  moveable  iaw  ro  In  ?  [,  eccentr,c  on  a  shaft  which  at  every 

were  dropped  between  tlie jiws  wet£ ttus  LV°Td  3  Stat!onary  jaw-  LumPs  °f  ore  that 
lower  and  being  bitten  again  untU  they  passed  ouTthr  ^tf^T8  blteS’ the  fra»nents  falling 
Gyratory  crushers  in  existence  in  the?8qn“s  I  *?*  b°tt0m  of  the  machine, 
jaw  crusher.  A  machine  of  this  type  consisted^  I f^eVe  T 6d  3S  a,n  “"Provement  on  the 
frustrum  of  an  inverted  cone.  Around  the  axis  of  this  crushlng  sur^ace  in  the  form  of  the 
surface  which  had  the  shape  of  a  conical  fmstmr^inl  * 8yrated  a  moveable  crushing 
broken  was  fed  into  the  space  between  m  i"  erect  position-  The  material  to  be 

surfaces  approached,  and  fell  through  when  they  recelted!"^  SUrfaCeS’  Was  crushed  when  the 


r.t  .  'mX'  -ir- 


Kt  v 


Fig.  37  -  The  Mohawk  stamp  mill  near  Mammoth,  Arizona  in  IRQ*  * 

widely  used  as  both  beneficiation  and  amaiaamation  marhinL  Atthou0h  stamP  milk  were  still 

SSMC  %Z!Zt  *zz  rZZZ 

mineshaft  (Photo  courtesy ZfAruone Pioneers' HisLiceitodeZ  fnqUent,y  loctMd "  tfw 
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were^rnarh^rfl  °‘  °iher  CrUshTg  d?,vices  were  also  developed  in  the  late  1800’s.  Sledging  rolls 
nmLT  k  tH  one1smgIe'ro11  crusher  OT  tw«  massive  rolls,  armed  with  massive  heavy 

mg  .no  s  or  teeth  and  set  horizontally.  Cone  crushers  operated  on  the  principle  of  a 
massive  iron  cone  set  on  a  pivot  with  its  point  facing  downwards  so  that  the  rolling  motion 

crusher  whthWOU  d  TherC  Were  many  variations  °f  this,  including  the  disk 

crusher  which  was  much  in  vogue  from  1915  to  1920  but  which  has  now  become  obsolete. 

measur/nfLml"*?  a  rather  simple  machine  for  reducing  the  ore  to  about  20  mesh  fa 
The  Mriie  ,P,  S'Ze)after  it  hrd  previously  been  through  another  type  of  ore  breaker. 

rehrhted  ltveryPTh  °h  r°  S  Wrre  klrt0Wn  aS  Cornish  rolls  and  worked  on  the  Principle  of  a 

known  as  n*id  Th ii bearmgs  for  ‘he  rolls  were  rigidly  fixed  on  the  frame  and  so  these  were 

however  thefi  Because  °I  jheir  tendency  to  stall  and  cause  mechanical  damage, 
owever,  they  were  soon  superceded  by  spring  rolls. ^ 

r.ni,Wamm£r  ,n‘nS  had,  been  *n  almost  continuous  use  in  Europe  since  the  mid-1800's  but 
y  occasionally  in  the  United  States  as  secondary  crushers.  They  were  really  a  series  of 

nrimal' hamnaers>  and  were  used  almost  entirely  in  the  late  1800’s  in  the  United  States  as 
and  cemenTrock5  " C1"8  QUarry  material  SUch  as  phosPhates>  gypsum,  asbestos  rock, 

eanluT  NoTalf  1?“  reduption’  °f  course>  was  to  liberate  the  valuable  minerals  from  the 

from  1872  to  94^  c  quir  C°mp[eX  CrUshing  equipment’  however,  even  in  the  period 
rrom  18  /2  to  1947.  Some  ores  were  broken  and  upgraded  simply  by  washing  to  disintegrate 

The  U«er  mT8  ^  ^  grained  materials  tbe  ^  pof.ion  oHhe^r 

concentration  ^  Z  Zt  haVe  been  ,tumed  °ver  other  processes  for  further 
washed  i£  •  hBy  °  ;  there  Were  Vanous  tyPes  of  washers  used,  including  trough 
washers,  log  washers,  wash  trommels,  washing  pans,  and  hydraulic  giants.  These  same 

achines  were  also  sometimes  used  to  enrich  partly  concentrated  products  95 

accomnlisherhvl  °re  "T'2'5  ufr0m  gangue  minerals-  however,  was  most  often 

breaZg  was  done  tTlTl  ^t'"8  a"d  grinding'  In  the  early  1900’s-  Preliminary 
creaking  was  done  by  blasting  in  the  mine,  calcining  for  friability  (with  or  without 

««  “?°1S  SUCh  28  S'edge’  spalling'  or  cobbing  hammers,  using  machines 

ne  mat  l  dr°P  r°Ck  bfeakers’  0r  special  f°™»  of  rolls,  steam  stamps' 

mills™6*  *  P  ’  P  8  stamps'  °r  gravity  stamps,  and  grinders  such  as  ball  and  rod 

for  ?h!Pdmg  Was  thfe  next  Stage  in  size  reduction.  It  was  designed  to  produce  a  fine  powder 
lor  the  processes  of  concentrating,  and  was  developed  in  two  stages,  wet  grinding  and  drv 
grinding.  Wet  grinding  was  achieved  through  the  evolution  of  tumbling  mills  and  tube  milU 

spunZeel’cZonTaM5^  “j”  oylinder  mounted  on  a  horizontal  axis  and  in  which 

spun  steel  or  iron  balls  which  ground  the  particles  of  ore  inside  with  an  abrasive  action  the 

he  l^oTm  n  isI,  ^  Z ‘"“I?"  -ter.  They  appeared  in  the  American  We*  in 
being  used  instead  Zl’i  3  f,!"  Cornwall,  at  about  the  same  time,  granite  chunks  were 

mfroBi  ?d  ,  d  °f  tbe  iron  balls-  Later-  ‘he  wet  grinding  method  was  improved  by  the 
introduction  of  steel  rods  as  tumblers.  Tube  mills  were  used  for  even  finer  grinding  the 

rZaZd8  th  an8eebhlemgTTUally  balls.  °.r  pebbles  or  a  "“‘“re  of  both.  Sometimes  scrap’iron 
replaced  the  pebbles.  These  wet  grinding  machines  became  standard  in  America  after  they 

gofd  re“  V  ad°Pted  ^  S°Uth  AfriCa  asan  essentlal  part  of  tbe  cyanide  Processor 

chalkZu's  m"8  WhS  adifferen1t  matter  ,nsofar  as  11  was  applicable  to  soft  materials  as  clay, 
chalk,  talc,  salt,  ochre,  lime,  and  gypsum.  But  the  actual  milling  process  was  almost  the  same 

,  or  the  harder  materials  with  the  addition  of  attrition  and  bulir  mills,  injector-type  mills 
and  pan  or  chaser  mills,  and,  of  course,  with  the  absence  of  water.  P 

unng  the  late  1800’s,  m  order  to  facilitate  the  wet  grinding  of  old  ores  there  were 
numerous  attempts  at  the  mechanization  of  the  Chilean  mill  and  the  urrZtra  and  these 
csu  ted  in  Lie  evolution  of  the  Huntington  mill.  The  latter  consisted  of  a  series’ of  circular 
pcs  e^  lung  by  yokes  so  as  to  revolve  within  a  casing,  the  centrifugal  action  bringing  them 

= ‘“.rr'p'x1,  1  ~  S 
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crushed  "and" ground  o' ^  'T  18°°’S  and  early  l900’s- 
classification.  Screens  or  sieves  served  to  sen™^  r VC  keen  ,sized  by  screening  or 

P^ictSoM  Kecjp  S;  series  of^rolcts 

screens  were  used  in  the  early  1900’s  namel20  mes  tha  followed.  Several  types  of  sizing 

-.sa: 

and  of  two  particles  havine  the  same  '  spec!Plc  gravities,  the  heavier  will  fall  faster 

This  latter  principle  was  USeS  in  X  Pf°  f-  gr.aVltleS’  the  larger  wil1  settle  ^ster  in  wate  ’ 
forms  of  gravhy  concemrauon  -'assifrcatron,  while  the  former  was  used  in  several 

All  mineral  classifiers  in  use  bv  the  earlv  l  Qnn’c  ^  ,  r 

them  which  carried  forward  the  suspended  grains^™  h °[ water  n°wing  through 
ot  clear  water  which  was  added  from  below  th  f  m  classif,eys  aIso  used  a  rising  current 
hydraulic  classifiers.  The  hydraulic  classifiers  werl  m  •”?  partlcl,es’  and  these  were  called 
pocket,  or  tubular  hydraulic  classifiers  The  nth  ?  Jy  trough  or  shallow  pocket,  deep 
box  classifiers,  whole  cuTent  T  U8Cd  SUrface  " 

,anks'  -  n.  Am  mmzsz  sraaass 

8.  Changes  in  Concentration 


concOentrate0deSlthwdasbine"heC^ed  ,“?•  ‘°r  ‘he  pr°per  par,icle  ^  ‘hey  were 

notable  changes  took  place  between  I™72  and  1*947°  Bo'h'the'3  h°n  'hat  pr?bably  the  m0St 
had  a  profound  impact  on  the  presen!  **  ^ 

-/out  TPhaeTe  ^  ^  '» 

samehsize^are^ubjected'to  sufficiem  ^  ^P^^^^^f^^nt^nihterals^of'the 

is  washed  away  quickest  ExceDt  for  sone  C'e?-  o  move  them  along,  the  lighter  material 

all  of  the  commo'n'ccnicentrathig  deviceslrs^fn'the  lafMROtV  ^  °perati<^ 

a  mineral-water  pulp.  This  duId  was  nrenareH  k  fu  •  S  and  ear  y  1 900  s  acted  upon 
Washing  and/or  crushing  and  grinding  liberated  tr  6  Vanoif  met,locls  previously  mentioned. 

.hT,prUo,E^ 

Sims"  b“;  m  e"°"  "»»> 

Jersey  about  1750  with  the  conceniration  of  copper  ore^r'hf  primetxamnle'l  N? 

K  first6"’  'he  p-pec«rs< gSd /an' 

gravrty  concentration  m^Thods  werfthe  l7taoortant  'f  States  in  ,9">''°0 
Early  gravity  concentration  practice  was  aimed  nt  P  *  *  of.  a11  concentrating  processes, 
coarsest  possible  size  with  the  least  production  of  1jeC0venng  t,le  desired  ore  minerals  at  the 
the  extremely  fine-grained  product  that^ “d  th“  is  sti11  the  case-  Slimes  are 

be  recovered  by  gravity  concentration  processed  The'  lwsTam^untof  WhlCh  Cann0t  rCadily 
avoiding  overcrushing  and  overgrinding  '  f  unt  ot  s,ime  was  Produced  by 

vanmirs,  ^  W,y  '900’S  -re  jigs, 

prospecting  pans.'»>  One  of  the  first  methods  to  be  dwe"oped  MGIMO’s  w"8’  indl'ding 

had  at  the  bottom  a  whe  Suze  or  DS  i  Cl??e1of  ore  ^P^ed  in  a  frame  which 
series  of  small  jerks  that  followed  each  other^n  f  ^  wherem  Jt  was  subjected  to  a 

gradually  forced  to  the  top,  while  the  heavier U  c^t^^ 
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motion*  f n°/  ,tW?.  kinds-  0n®  ®n,a*lefl  jerking  the  container  with  an  upward  and  downward 
of  the  m„h  *  kK°f  water  Tjle  other  operated  by  forcing  water  upwards  from  the  bottom 

d^onedanHthevTnS  *a  T'0  u  ®y  the  l89°’S’  theSe  two  main  ‘VPes  of  jigs  had  been 
..  ’  y  remam  today  -he  standard  types,  fixed-sieve  jigs  and  moveable-sieve 

Jigs* 

j  tn  the  grav'ty  concentration  plants  in  operation  before  World  War  II,  after  the  jigging 

concentra^n  Th’  the““8tep  to  SUbj6Ct  the  rOU8h  -ncen’trate  to  fuShef 
concentration.  The  most  widely  used  piece  of  apparatus  in  this  next  step  was  the  shaking 

ntJ'LT  T  Ca  Cd  3  vanner>  of  which  there  were  many  varieties,  each  adapted  to  the 

of  GNnin  rn  t  co"c®ntra,te:  °ne  of  the  earliest  ‘YPes  (used  a  good  deal  in  the  silver  district 
ot  Gilpin  County,  Colorado)  had  a  table  in  which  the  shaking  was  in  the  direction  of  the 

now^ecome  obscdete.aVy  *°  ^  *"e  n°W  °f  ",e  pulp’  but  ,his  ,ypc  hus 

the  Vlbratin8  tables  developed,  perhaps  the  most  celebrated  and  widely  used  was 
e  Wilfley,  an  ideal  contrivance  for  dealing  with  lead,  zinc,  copper,  gold,  and  silver  ores  It 
^fS1+de'sl°Pe  shaking  table  with  riffles  spread  in  a  diagonal  line  over  a  little  more  than 

x  .  ,°f  jT  SU/iaCe'  A  m°dlflcatl°n  of  the  Wilfley  Table  was  called  the  Butchart  or  National 
/ able.  Its  riffles  were  bent  diagonally  and  produced  a  wave  effect  along  the  table,  thus 

P1”8  ,to  bnng  the  Sangue  to  the  surface  and  allowing  it  to  be  washed  away.  Another 
modified  version  was  the  Card  Table,  in  which  the  riffles  were  triangular  and  cut  into  the 

RnnlVrgmihe  Hinc8nhe  Pr,eciPltation  of  heavier  Particles.  This  type  was  well  known  in  the 
i  r] 1  a".d  SUu  1Van  lead’si,ver  mills  of  Idaho  and  in  a  few  mills  in  Southwestern  and 
Central  Colorado  where  it  was  used  for  the  treatment  of  complex  sulfide  ores. 


Fig  38  -  The  concentrator  at  Clifton ,  Arizona,  in  the  1890's.  After  1872  and  before  the  introduction  of 
froth  flotation  in  the  early  1900's,  virtually  all  concentration  of  metallic  ores  was  by  gravity  methods. 
These  usually  mvolved  batteries  of  machines  such  as  jigs  and  tables  and  required  an  abundant  supply  of 
water.  (Photo  courtesy  of  Arizona  Pioneers'  Historical  Society) 
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Every  refinement  of  the  Wilfley  Table  seemed  to  depend  on  the  design  of  the  riffles 
lich  m  turn  depended  on  the  work  to  be  done.  For  instance,  the  Garfield  Table  had  the 

olS  work  Thehp|f  tn  t8m  fr°m  Z  h6ad  m°ti0n  the  “(rate  and  was  ideal  for 
ough  work.  The  Plat-O-Table  was  designed  for  the  same  purpose,  but  it  had  a  greater 

2“  since  there  were  several  decks,  one  above  the  other.  It  was  to  be  found  at  the 
daho-Maryland  mill,  at  Grass  Valley,  at  the  Ray  Consolidated  mill,  the  Anaconda  mill  and 
at  that  ol  the  Connecticut  Zinc  Corporation  at  Crongo,  Missouri  Anaconaa  mm,  and 

The  vanner  was  another  version  of  the  shaking  table.  There  were  hosts  of  varieties  but 
ah  had  one  common  denominator,  a  smooth  and  slightly  inclined  or  horizontal  surface  over 
which  the  ore  was  spread  by  a  relatively  small  but  continuous  quantity  of  water  and  forced 

movement°  *  C°ntl"Ued  bV  "end  Shake’ ”  “side  ^  ”  »  some  other  S 

u.!lc°ne  °Jher  gravity  concentration  process,  huddling,  was  in  wide  use  by  1900  The  buddle 
7ater  separator  based  on  the  principle  that  the  different  inertias  of  particles  of 
•  sizes  and  specific  gravities,  when  subjected  to  the  impulse  of  moving  water  cause 

hud TTi  r  "  t0ntraVd  °n  different  paths-  There  were  many  different  versons  of  the 

buddle,  but  they  normally  consisted  of  a  circular  pot  about  22  feet  in  diameter  and  two  fpPt 

deep  at  the  circumference  (which  was  the  center-head)  with  a  raised  ceX  of  aboutTen  fill 

ngtn  ot  six  leet.  The  material  to  be  concentrated  was  brought  to  the  center  of  the  huddle 
by  launders,  into  which  flowed  a  constant  stream  of  water  that  was elenly „d 

Thus  f  ^hinmrnof  raifd  ?°m  a  “g  *a"  th°<  -™d  a  nZbe^  of  spout' 

and  over  the  ^^f^^um^  ZZ 

s  ope  the  material,  held  in  suspension  by  the  water,  was  gradually  deposited  according  to  its 

theref C  graV'ty'  As  a  reslllt’ the  ore  (bein8  ‘he  heaviest)  was  the  first  to  be  thrown  down  and 
re  ore  was  concentrated  towards  the  center  of  the  buddle.  From  there  the  ore  would  he 

put  through  a  series  of  buddies  until  it  could  be  concentrated  no  more  The  buddle 
though  originating  in  Germany,  was  in  use  in  Cornwall  as  early  as  the  1  8th  Century  in  the 
concemratmg  of  tin  ores,  but  came  to  the  United  States  only  in  the 

Most  mineral  concentration  processes  in  use  prior  to  1872  as  well  as  most  nf  ti,™p 

,.cre.«d  in  All  ll„w,,,l,rp,s'“"2 

One  of  the  early  methods  of  ore  beneficiatidn  to  involve  only  dry  ore  was 

United "kt  rVL15  Stm  lhighly  effective  method  in  some  parts  of  Z  world  but  In  tife 
,  'L66?”1.'?  be  replaced  by  more  mechanized  methods  in  the  first  half  of  the 

mineral  M^gnethe  htn  iro  seParation  of  ores  horn  gangue  oT horn  othef  heavy 
could  therefore  be  separated  S  l  “  ,"atU™ ly  a,tracted  to  a  magnet,  a"d  magnetite 

at  Z^Zir  2  Pre"minary  r0asling  befOTe'magnetic  separaTion'to  converMhem  Tn  to 
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on  *thel«i7p*ofrthnCe  Tlle  amount  of  crushing  and  the  degree  of  fineness  required  depended 

ellfnated  the  „  """T  C7^b  in  the  crude  °re’  the  Par«cular  foreign  matter  to  be 

ore  and  the  method30*6  ^  t',e(concentrate  was  to  be  used,  and  the  condition  of  the 

ore  and  the  methods  employed  for  the  final  separation. 

Cases’  magnetic  separation  was  really  a  refinement  of  the  process  that  involved 
ashing,  screening,  and  jigging.  The  magnetic  separator  (of  which  there  were  several  makes) 

multinL6  Hrr?"'611  ^  *he  jig-  ThC  °re’  h3Ving  been  c™shed  *he  required  ^  through 

armed*  witlT  nowerfn’  son,ei“1es,we‘  and  sometimes  dry,  was  fed  onto  a  distributing  belt 
armed  with  powerful  magnets  which  picked  up  the  magnetic  particles  of  ore  leaving  the 
non-magnetic  gangue  to  be  carried  away.  ’  ® 

Foster  MineTn T.'f  b6  USed  f°r  treating  W3Ste  dumps'  For  ‘"stance,  at  the  Tilly 
Foster  Mine  in  New  York,  the  waste  was  crushed  by  jaw  crushers  at  the  dump  carried  to  the 

b  I  S  Mere  ,'PaSSed  Under  ba"  S,amps’  and  tlle"  was  elevated  to  the  elecWcTseparatlng 
r  '  gnctlc  concentration  was  said  to  have  reached  a  high  level  of  efficiency  at  the 

on  mines  in  New  York,  where  some  preliminary  roasting  also  had  to  take  place  (because 
"’e  Presence  °f  sulfur)  before  the  ore  reached  the  electrical  belts. 

iroughout  the  first  half  of  the  20th  Century,  magnetic  concentrating  plants  grew  to  be 
more  mechanical'y  efficient  than  ever  before,  cheap  to  operate,  and  capable  of  idling 

1947  such Tnlanl  ,°!'erW‘se  tbe  technology  did  not  change  to  any  appreciable  degree.  By 
c.hd  p  ant  s‘dl  Possessed  crushers  of  the  usual  jaw  type  and  the  drying  plant  to  cone 

pe  cenriat  S°neJr°m  C,Uyl'n%in  Mi™eSOta  might  contains much  as 30 

H  '  rf  f,te  '  S,nterln8  Plants  often  became  necessary  as  adjuncts  to  the  drying  plants  to 

ZlaLTof If8'0"16"1';  tl,e.fin,eS  mt°  P°rOUS  a  P^edme  thlch  a,» 

improved  the  behavior  ot  the  concentrate  in  the  blast  furnace. 

n  wet  concentrating,  a  washing  plant  became  inevitable  and  the  ores  were  tumbled  in 
water  to  remove  the  clay-bound  sand.  Almost  80  percent  of  Minnesota  ore  came  to  go 

inS  size' 'LTthen  m  '^i  ™e.  °u  er  practice  (here  ilad  been  to  log-wash  down  to  two 

on  Shaking  abler  R  ?i  r6WaS ’  n  "irbo:washers-  concentrating  the  granular  settlings 

shaking  tables.  But,  as  at  the  Camsteo  plant  of  the  Oliver  Iron  Mining  Comoanv  At 

-oleraine,  Minnesota  the  log-washers  were  replaced  by  screens  and  classifiers 

mmhinMtC  llganf-  °n  thC  °ther  hand’  the  typical  Lake  SuPeri°r  concentrating  plant  became  a 
combination  of  coarse  concentrators  (normal^  jigs)  for  rejecting  the  coarse  gangue  and 

washing  apparatus  for  removing  the  free  sand  and  the  fine  gangue  produced  by  crushing  1 

sinctf  before” 1 800* Thcdrv'*^  ^  *°  T‘  ",e  EaStern  — ‘ ores  that  iL  bet  mined 
in  \  V800'  T  dry-ma8net,c  nulls  were  at  first  typical  of  the  methods  that  had  been 

peration  tor  many  years,  but  because  of  the  demands  for  higher  grade  concentrates 

conreTt  eVent!Ja  y  dlsplaced  by  wet-magnetic  concentrators.  The  principle  followed  in  all 
concentrations  of  magnetic  ore  was  to  scalp  out  the  middling  at  coarse  sizes  with  relatively 
igh  magnetic  intensities,  reject  the  tailing,  and  then  recrush  the  middling  This  process  was 

tht  nCrrieVe,  Wlti!  SUCCeSS  ab°Ut  1 924  at  the  mi11  of  Mesabi  Iron  Company  ahhouglTm 

withCc^tr0TCa«rord  ti,at  ,he  concentra,e  s° produced  c°u,d  not 

““  fParat:°"  la,er  was  carried  out  by  ma"y  concerns  throughout  the  East  The 
Warren  Foundry  and  I  ipe  Corporation  at  Wharton,  New  Jersey  (which  in  1967  possessed 

NewyYoTmr.eM,;.snabl  f"  T ^  “  theDUnited  S,atesb  ‘he  Republic  Steel  Company 
r,  ‘  Y  ,j  Mesabi  Iron  Company  at  Babbit,  Minnesota,  and  the  Alan  Wood  Steel 

use  tMs"LThX  rrnid^emS1  D°Ver’  ^  a"  in'r°dUCed  a'ld  * 

jigging.  The  problem  of  theVd'ore^ 
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»zing9and  Z^i^nTdZlopmeZ  'of  Zme  T  T  ”mpk‘  and  generally  involved  only 

magnetic  concentration  JpstoZeZZL  ^  ""  «**  added  gravity  and 


iror]U m inera° "from  Th  p's  T u ^ 1  *n  1  ^43 >  ‘he  principle  of  which  was  to  scuff  off  the  very  fine 
tables.  1  ICa  y  lgbt  treatment  in  rod  mills,  followed  by  concentration  on 

in  the^Eastern  TS"e“  ,°f  magneutic  “d  gravity  methods  to  the  production  of  minerals 
benlf,"  iaton  afteM  S77  h"1  WeS‘  the  m°st  ™POIt*nt  innovation  in  minerals 

mostmeta°iicmnell  T  the  introduction  of  froth  flotation.  Prior  (o  1 9 15 

fi  °ely-^ouandCore1Jwas  ca^^d^IT  w0lf  “  by  me‘bod3  in  which  the 

effect  similar  tn  that  f a  ater  in  suspension  to  tables  which  vibrated,  giving  an 

end  of  the  table  while  the  hlavy  Tulf  hf3"'  ^  ilght  gangue  minerals  were  carried  along  and  off  the 
concentration  hv  frnth  +•  u  a  ^ldes  went  off  th<=>  sides.  By  1915,  however 
ore  was  carried  L  wl?  °n  had  bee"  Wel1  develoPed-  In  this  method  the  findy-ground 
were  added  producing  buhlX'T'n1  n  llotatlon  cells-  Vari°us  chemicals  and  emulsifiers 
fell  to  the  bottom  of  fhe  cells  wide  1'  °Ta  ^  °!her  Va'Ue'eSS  constituents  of  the  ore 

up  and  over  the  Top  of  the  ce  l’  hv  heT°  *ulfldcJwh‘c^  ad',ered  ‘°  *'“  bubblcs>  was  carried 
to  be  filtered  and  dried  n  ,  by  ™th  and  dePosl,ed  in  launders  which  carried  it  away 

on  die  explottahon  Of  ?eVe'°Pmen'  °/the  fr°th  n°tatio"  method  had  an  enormous  elTect 

metallic  sumde  benef.ciadoT’is  Sf  dC  ,dep0si,s-  Tod^  tbe  -ual  Procedure  in 

the  smelter.  11118  and  grindln&’  and  then  flotation  before  sending  to 

occuTrTng^rTomTlex  Tres^ouW  te  fl°tati°n:  w^reby  sulfides  of  the  various  metals 
production  of  zTc  from  TuCh  o/es  The TT  H  nT  ^  an°,her’  grea,ly  facllita,ed 

^iaVrir 

sfaTTinc  from°sulfkle  ^  0  26nS'Ve  Smdting  "eftS  'to  p^/uce 

dep^lST^^^^con  a'7  TT  a''  innue"ce  -  «>e  utilization  of  sulfide 

smelters  without  concentration  At°  n°en  r°  6  by  grav'ty  methods  or  sent  directly  to 
permitted  the  evn!n  r  At  S' °me  Properties,  the  introduction  of  froth  notation 

mining  methods.  S'°n  °  °re  reSerVeS  ‘°  lower'grade  areas  and  the  introduction  of  new 

the  northweston'portTon'of'the^Sacramento6!!^'2011!  *°  di™ted  ^pcr  ore  in 
predecessor  of  the  much  larlT  uvender  nd  w  P„°rP  ,yry  ‘ntrUS,ve-  This  was  m  e^ct  ‘he 
Sacramento  pit  a  relatively  small  lit  P  h  Came  111(0  Production  after  1947.  The 

1929.  Some  block-caving  was  tried  below TTh!?  ih '  ^  ,tsmaximunl  feasible  depth  in 
lived.1 03  Even  froth  notation  i™, id  nit  ’  5  ?  ent're  operatl0n  was  relatively  short- 

the  demand  forcipper  °VerC0'ne  the  e"ects  of  thc  Grea‘  depression  on 


9.  Changes  in  the  Advanced  Processing  of  Copper 


o  re  s T  we  re  "  j  usT  aTiviTT'T^'T0'’  '  m"'d  '  947  ",C  adVanced  Pressing  of  copper 

“,io  ■  wr 

m  h  latVee  ^  ^  fmodifioa(‘°-  of  the  same  basic  process,  the  changTi,  TccTrri 

Liable demand,  o7' T’  ^hT  CX‘raCti°n  and  th*  refinmg  of  ,'he  metal  to  meet  die’ 
noticeable  about  ,897  in  the 
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The  »'rt°f  the  Bunker  H/"  Compar"'  at  K°"°99.  Idaho,  where  differential  flotation  was 
developed  to  permit  the  separate  concentration  of  lead  and  zinc  ores.  Froth  flotation  as  a  means  of 

C!°nC?vtratl”9  meJa"'C  SU,f‘de  mlnerals  considerably  enhanced  the  development  of  such  mineral  deposits  in 

nLTaluZmZT  ^  addithna'  reqU~  ^  benef— 


Many  authorities  were  saying  (no  doubt  having  the  decline  of  the  native  copper  mines  of 
Michigan  in  mind)  that  hardly  any  copper  ore  was  so  rich  then  as  to  be  able  to  forego  some 
concentrating  process  for  the  removal  of  waste.  8 

For  some  years  the  domination  of  Swansea  as  the  smelting  capital  of  the  metal  world 
had  been  eroding  away  as  American  metallurgists  worked  out  their  own  problems  in  their 

Zl  Wn'  Sm^lt!”g  als°  became  the  principal  method  of  copper  recovery  in  the  American 
•  ne  of  the  oldest  processes  was  that  of  heap-roasting,  with  its  variations  of 
kennel-roasting  and  stall-roasting.  It  was  proved  to  be  one  of  the  cheapest  ways  of  dealing 
with  pyntic  ores  It  could  also  be  used  for  ores  carrying  up  to  15  percent  sulfur  by  placing  a 

iharcoTltm.l  h  K8  WOOd  Under  the  Pile  0f  °re  and  mixinS  i(  with  sawdust  and 
charcoal  It  must  have  been  an  impressive  sight,  250  tons  of  ore  in  heaps  20  feet  by  50  feet 

urning  for  ten  weeks  at  a  time,  but  the  disadvantages  were  obvious.  The  heaps  had  to  be 

large  to  be  economical,  the  time  consumed  was  excessive,  and  the  burning  had  to  be  in  the 

Th!n  S?  lHat  fmuch_c1°PPer  was  lost  ehher  by  leaching  or  by  being  blown  away  as  fine  dust 
The  introduction  of  large  amounts  of  obnoxious  gaseous  waste  into  the  atmosphere  was  not 
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considered  to  be  anv  nr 

^rss?  ■/- 

Process  was  besseme  SmeiUn^  Company  in  Denver  For  treat  Z  rrCt  furnace>  used  by 

umzins  the 

-tS  charged  i£E£^  T*  ~ 

with  a  mixture  nf  f,g  fllmaces  which  consisted  nr  ,st’  lhe  broken  matte 

remelting  processel  J  ?“  quar,z  and  fire-clay  that  had  L  S'mP' le  CUpola  lined  deeply 
refined  but  import  ntnhv  e  T  °f  3  B™r converter noTUr"^  hard'  By  the* 

gold  lead  mfl  1  by-products  could  be  saved  is  well  ’ti  °n  y  Was  t  le  copper  more 

how  V  r  in  ,900noe|  "I*6'’  Si,enium-  ^£^J^mC,Uded  bis^^obJt, 
wasted.1’1"  1900  «"*  ‘he  copper  was  saved,  and  he  imn  TTu  ^  oases 

f  The  first  copper  smeltin*  ln  A  ■  ?  by-products  were 

Tf  T  ^  at 

and  little  progress  could  mule  a  dis‘ance  of  100  miles  rr„  fVn8I>were  enormous. 

Arizona  Un,d  the  a™val  of  the  railroad  ™8S 0  °  M°Untai"s- 

smelter  started  up  in  18808and  sn"^6™6  really  starts  fl°m  that  year  The  r 

iater.  The  Copper  Queen  bet^  operations  at  Globe  and  near  C^ft^  r^PPer  Queen 

coke  imported  via  Qo  r  .an  Wltil  a  small,  36-jacket  fnmae  ar  Clifton  followed  a  year 

New  Mexico  was  iust  as  su it^M  °" -^0t  Until  later  was  it  found  t h n ^ ri'fp  S 'J'ari sea  and  Cardiff 
Plant  had  to  beVrdeed  S  ^  if  wa finls^Tha^'T^  3"d 

6XPfn  Colorado  the  Bo-  ^  """" 

amor,8  oTsr  r — **« . 

tailings)  for  the  Co?uin:d\,r„e,dhlhelted  Wit"  »  «n^deni^ 

however,  the  Parrot  Smeltfna cf  m*  *  Pr°Cess  that  remained  secret  At  R  P‘ »,C°Unty 
Ores  were  roasted  in  etnii  °  ,  orr,Pany  used  all  of  the  methnHc  tv  *  Butte,  Montana, 
furnaces  were  coming  stalls  and  on  hearths  with  wood'fiS  aMh  ‘ha‘  '’aVe  beCn 

into  a  converter  whih  °USe'  laUerpassed  on  fe  o'es  L  ',me  that  hette 

after  which  it  was  shipped  to  the  matte  from  55  Percent  t^QQ*  CUP°Ia  3nd  t,len 

By  1893,  electrolytic  method^s"^  ^  ?ridgeP°rt.  Connecticut.1^  5  P6rCent  COpper’ 

and°silver  T^S'ecTrolyT  thefSaemree  ‘^lowi^the  eZcZnof  Pr°dUCti°n  °f 
processes  developed  in  ill  ytlc  reflnmg  many  advantages  over  ref  lof  tl h®  contained  gold 
-s  a  solutionTcopp  '  s°u' ^ ‘he  a"°d-  were  *  r«e  -ain 

98  Percent"  P°P  rC°UrSe’  *°  US  ^ 

Smith  i  Process  was  ,  r  copPer  containing 

smelting  firms,  including  the  Balbach 
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Fig.  41  -  Copper  smelting  in  Arizona  about  1898  employed  basically  the  same  processes  as  at  present, 
but  the  early  equipment  was  generally  smaller  and  less  complex.  The  smelting  of  metallic  ores  at  the 

individual  mining  properties  was  relatively  common  in  the  late  1800's.  (Photo  courtesy  of  Arizona  Pioneers' 
Historical  Society) 
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Consolidated  Copper  and  Sdver  MinL  Cof  ’  r  r™*'  the  Boston  and  Montana 
Copper  Refining  Company  ol  Blue  "l  nd  °f  Gfa*  Fal‘s'  Montana,  the  Chicago 

Island,  the  Omaha  and  Grant  Smelting  Work* 's-  Lewsohn  Brothers  of  Pawtucket,  Rhode 
Smelting  and  Refining  ComDanv  of  Ch,.n„  i  k  ,!•  °  alla’  Nebraska,  and  tlie  Si.  Louis 
by  the  Baltimore  C'opperTndRoiliZrZr’  WW  ss  was  employed 

Bridgeport  Copper  Company and th^n^T^’  the,  Baltimore  lining  Company,  the 
In  the  late  1800’sTnd "L  first  two  H  a  3  Efle,Ctrolytic  lining  Company. >  * 
treatment  of  copper  ores  were  developed'  fo/diff  thls  century> three  basic  processes  for  the 
districts.  The  native-copper  ores  of  Mich, l  tyP6j  °f  °res  from  diffe^"<  mining 

concentration  for  the  gravel  and  sand  responded  readily  to  water-gravity 

Sulfides  were  treated  by  flotation  and  'the  TxTde"^  *7  flotation  for  the  slimes, 
responded  best  to  leaching.  ’  *  oxides,  carbonates,  sulfates,  and  silicates 

copper,  while  teachi^^^^^  bretec^l^nre  °rftCOntaining  uPwards  of  six  percent 

used  for  oxidized  ores  Concentration  foil  Y7uP  u  Pltatl°n  0r  PreciPitation  by  iron,  was 
for  low-grade  sulfide  and  ^  “§  °f  the  COnce"tra"e  —d 

reverberatory  furnaces,  usually  with  prior  roaiti^  f  ^  COncentrate  was  melted  in 

sulfides  (matte),  which  was  drawn  off  molten  and  3  miXtUre  °f  Copper  and  iron 

with  air  which  oxidized  ^.converter.  There  it  was  blown 

the  copper  sulfide  to  crude  metallic  copper  which  wa<  Ucate’  and  afterwards  oxidized 
Generally  all  copper  ores  excep  t ho^’  \  WaS  subsequently  refined  electrolytically 

were  concentrated  hi  one  form  or  another  The8  T  ™  SUlfate  °r  si,icate  for™’ 
wet-processing  or  heap-roasting  were  ‘enormou^  A  advantages  of  smeiting  over  either 
processes  cost  about  four  times  as  much  7  £  Wet:plant  usjng  bydrometallurgical 

much  ground  space,  while  the  recovery  rate  was  nowhe”8  P  ^  ^  occuPied  f°ur  times  as 
methods  were  important  in  copper  production  f  near  as  high.  Nevertheless,  solution 

19th  Century.  Used  for  the  most  part  when  he  ZT  OIes  the  Iast  Meades  of  the 

the  process  mostly  favored  in  the  West  was  the  Hunt*??  °  f0ntain^d  metal  was  very  low, 
patented  as  early  as  1869.  in  this  process  ferrous  rh77~?OU8  7’-  ltS  first.  form  havin8  been 
then  was  made  to  react  on  cupric  oxide  iPnrr  t  1  e  was  dlss°lved  in  strong  brine  and 
chlorides,  which  were  then  dissolved  by  sodium  chloride"  Thed^  f  ,CUpnc  and  cuProus 
-hydrous  feme  oxide,  and  the  copper  easily  precipitated  from  mZihc 

used  extensively  by  the  Kants  clZsmelfiZandRtfi^^T  ^  imfr0vcmcn,s>  and  was 
from  silver-lead  mattes.  In  most  instances  ,8«ni,  Refl"lng  c  omPany  for  extracting  copper 
was  made  to  attack  ox.d.zed  copZ  oreZhe  fe'roTch,  7r"  S3"  3"d  ferrous  <*'°rRlc 
a  clear  solution  separated  from  the  ferric  oxide  hut  -  6  ecame  decomposed,  forming 

This  was  then  treated  with  *01^0™^^^''?  a"d  tUprOLIS  d"°”de 

separation  of  free  acid.  Any  silver  present  in  this  a  CUprOUS  cl,loride  with  the 
precipitated  by  metallic  iron.  P  *  atld,c  cuProus  solution  was  easily 

con^mptkm'of  hZ  waif hfgh!^  ProZctZSoTT(ZZa^  f  f°r  ,hc  ,imc-  aR"^<>  the 
tons  ol  iron.  The  success  of  the  process  depended  ,17  M°PPCr  would  nced  as  much  as  88 
speed  over  the  iron.  At  Copperonolis  r,hi7  °  o  P  the  topper  solutions  being  run  at 
to  tanks  from  which  hey 'were  IT  -T  “*urated  leadl  wat^s  were  conveyed 

revolutions  a  minute,  that  comabed  a  c,mme  of  *  T‘T  a‘  a  spet:d  of  six 

Cement  copper  was  formed  in  the  drum  wlifch  w  T  S  T  'r°n  from  San  Francisco, 
heated  drying  fioors.  A  similar  method wal u cd “ Clifton °U'  3"dtdried  °u<  °n 
leaching  works  had  just  been  erected  in  1  893  to  treat  t£  fr  t  Morenci  ,n  Arizona.  The 

precipi^te  t  ie  copper,  for,  although  the  ores  were  rich  in  "T  by  SU,func  acid  and  ir°n  to 
tlie  tailings  was  heavy.  carbonates,  the  loss  of  copper  in 
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Fig.  42  -  The  extraction  of  copper  from  its  ores  before  the  introduction  of  froth  flotation  in  the  early 
1900's  involved  basically  the  same  metallurgical  processes  as  today.  Gravity  concentration  was  nsari  whara _ 


Table  27 


COPPER  PRODUCTION  COSTS 
IN  THE  UNITED  STATES,  1917-1935 

Estimated  Cost  of  Producing  Copper3 


Company 

1917 

(Cents 

1920 

per  Pound) 

1924  1929 

1935 

Anaconda  (Montana) 

9.19 

8.16 

8.32 

b 

6.8 

Calumet  &  Hecla  (Michigan) 

8.85c 

1 1.05c 

10. 1 9C 

9.65 

7.96 

Copper  Range  (Michigan) 

8.58c 

9.23c 

1 4. 59c 

1 2. 16c 

8.26c 

Inspiration  (Arizona) 

7.08 

7.37 

8.96 

9.65 

32.66d 

Kennecott  (Alaska) 

5.34 

6.42 

8.61 

6.54c 

6.4e 

Magma  (Arizona) 

1 1.30 

9.49 

6.44 

8.64 

5.62 

Miami  (Arizona) 

8.51 

6.17 

9.21 

10.07 

9.02 

Mother  Lode  (California) 

b 

4.49 

5.83 

5.65c 

4.57f 

Phelps  Dodge  (Arizona) 

9.02 

7.94 

9.99 

10.40c 

7. 1 5C 

Shattuck  Den  (Arizona) 

9.01 

1 2.20c 

8.20 

10.57 

1 1.22 

United  Verde  Extension  (Arizona) 

4.17 

5.1 1 

6.75c 

7. 1 3C 

7.13 

Utah  (Utah) 

7.49 

6.82 

7.24 

5.58 

7.50 

Walker^  (Canada) 

b 

b 

b 

9.06 

10.98 

Granby  (Canada) 

9.49c 

8.27c 

8.64c 

8.44 

8.82 

dnoteded  t0  PUrChaSing  P°Wer  of  1935  do,lar  after  depreciation  and  all  credits,  except  where 

^not  estimated 
cno  depreciation 

^charging  shutdown  and  other  expenses  against  two  new  operations 
ecost  per  pound  crediting  fabricating  operations 
*  including  depletion,  no  depreciation 
gcost  per  pound  of  copper  in  concentrates 

Source  of  data.  J.  J.  Croston,  A I  MU,  Transactions ,  Vol.  126,  1937. 


41  1 


l 


Table  28 


COPPER  PRODUCTION  IN  THE  UNITED  STATES 

1936-1947 


Production  Average  Open  Pit  Production  Open  Pit  Productive 


Total 

Total 

Grade  of  Ore 

Percent 

Percent 

Tons  of  Pounds  of 

ore 

copper 

(percent  copper) 

of 

of 

ore 

copper 

(1,000 

(1,000 

All 

Open 

total 

total 

per 

per 

Year 

tons) 

tons) 

mines 

pits 

ore 

copper 

Man/hra 

Man/hra 

1936 

38,514 

614.5 

1.60 

NA 

63 

NA 

4.98 

NA 

1937 

61,513 

842.0 

1.37 

NA 

60 

NA 

4.68 

NA 

1938 

37,795 

557.8 

1.48 

NA 

54 

NA 

3.36 

NA 

1 939 

55,239 

728.3 

1.32 

.92 

59 

41 

4.15 

76 

1940 

69,279 

878.1 

1.27 

.91 

61 

44 

5.00 

91 

1941 

78,453 

958.1 

1.22 

.91 

63 

47 

3.44 

62 

1942 

92,286 

1,080.0 

1.17 

.90 

66 

51 

3.76 

68 

1943 

98,120 

1,090.8 

1.11 

.87 

69 

54 

4.80 

83 

1944 

91,064 

972.5 

1.07 

.90 

68 

57 

5.24 

94 

1945 

77,473 

772.9 

1.00 

.89 

68 

61 

4.90 

87 

1946 

62,232 

608.7 

0.98 

.86 

66 

58 

5.08 

87 

1947 

87,865 

847.6 

0.96 

.90 

73 

68 

5.00 

90 

includes  open  pit  employees  only. 
NA  Data  not  available. 


Source  of  data:  Minerals  Yearbook  and  other  Bureau  of  Mines  sources. 


10.  Changes  in  the  Advanced  Processing  of  Gold 

Developments  in  hydrometallurgy  in  the  late  19th  Century  were  also  important  in  other 
metals.  Evidence  has  been  found  indicating  some  hydrometallurgical  processes  were  in 
existence  before  1550  A.  D.,107  but  the  principal  processes  used  in  the  late  1880’s  and 
early  1900’s  include  those  which  treated  gold,  silver,  and  copper.108  While  the  first 
large-scale  leaching  and  precipitation  of  copper  was  probably  done  at  Rio  Tinto  in  Spain 
about  1 752,1 09  and  gold  and  silver  were  leached  from  their  ores  prior  to  1887,  the  chief 
credit  in  proving  the  adaptability  of  cyanide  to  gold  ore  and  in  putting  before  the  world  a 
workable  process  for  gold  extraction  is  due  to  J.  S.  MacArthur,  R.  W.  Forrest,  their 
colleagues,  and  the  Cassel  Gold  Extracting  Company  of  Glasgow,  Scotland.  MacArthur  and 
Forrest’s  patents  were  applied  for  in  Great  Britain  in  1  887  and  1 888. 1 1 0 

The  history  of  the  technology  for  the  recovery  of  gold  is  perhaps  one  of  the  longest  and 
most  complex,  being  rivalled  only  by  those  for  silver  and  copper.  At  the  very  beginning,  it  is 
likely  that  no  more  was  done  than  hand  pick  auriferous  rock  and  roast  it  in  some  crude 
furnace  to  get  rid  of  the  excess  of  arsenides  and  pyrites.  But  by  1 860  it  had  become  more 
common  to  reouce  the  ore  in  size  by  subjecting  it  to  some  form  of  jaw-crusher  and  then  to  a 
set  of  steel  rolls,  if  dry-crushing  had  been  decided  on.  The  Mining  and  Scientific  Press  of 
September  8,  1  860,  made  much  of  a  device  called  MilPs  Crushing  Machine,  that  consisted  of 
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through  the r„n  ?*  of  solid  iron.  The  ore  passed  through  a  hopper  at  one  end  and  so 
through  the  rollers.  It  was  cla.med  to  be  so  effective,  rather  optimistically  no  doubt  “that 
sieves  can  be  dispensed  with,”  and  that  it  could  work  wet  or  dry 

the  WaS  nCTer  38  ;reptable  as  wet-crushing,  and  in  wet-crushing  the  heart  of 

nrfnl/h  process  was  the  gravity  stamp  mill ,  consisting  of  a  series  of  pillars 

actuated  by  cams  mounted  on  a  revolving  shaft.  The  feet  of  these  pillars  were  shodwith 
massive  shoes  of  iron,  and  the  mill  pounded  the  ore  into  a  battery  or  trough  The 

nhn^Th*  °f  o  Stamp  mi11  lay  in  the  fact  that  lt  was  both  a  reducing  and  amalgamating 
p  t.  The  ore,  the  mercury,  and  the  water  were  all  pulped  into  what  were  called  slimes 

T3ly  £or  extraction.  In  a  series  of  articles  in  The  Engineering  and  Mining  Journal  of  \S9 5 
.  .  ltkarc  concluded  that,  whatever  the  refinements  over  the  years,  one  feature  of  the 

stamp  mill  stood  out  clearly  against  all  other  forms  of  pulverizers  It  was both  a  crushing 
and  amalgamating,  a  size  reducing,  and  an  extracting  machine  combined  The  steam-stamp 
might  be  a  superior  crushing  machine,  he  observed,  but  its  violence  of  agitation  pmvenTeS 

gold  rnlmng  °  amalgama,in8  P|a,es' thus  to  provide  the  conditions  for  successful 

Even  so,  the  stamp  mill  was  not  completely  successful,  for  much  gold  was  lost  in  the 
s  «mes,  and  even  the  introduction  of  mechanical  paddles  to  stir  the  pulp  in  the  mill  was  not 
much  of  an  improvement.  This  was  always  the  problem  of  gravity  separation  even  on  the 

tooTphce^n  l  897gatafb,eS  f  ^  h  ^  amalgamatinS  pans  where  the  final  concentrating 
mining  n  '  ,  897  TT  8°  d  prOCessing  arrangement  was  known  as  a  30-head  gold 

sHmn?  P  L  l\consisted  of  two  turbines,  two  ore-breakers  with  steel  jaws,  30-head  of 
samps  six  amalgamating  pans,  all  lodged  in  an  iron  house,  60  feet  by  30  feet  with 

and  aLri»ngn1oom.Str0n8  '°Undati0n  P‘ateS’  C°mP'ete  With  off,ces’  a  retor*  house- 

Chlorination  for  a  time  was  thought  to  be  the  answer  to  the  problem  of  recovery  of  the 
ues  lost  in  milling  and  to  be  especially  suitable  for  rich  gold-bearing  sulfides^  It  h  id 

of  t he  arrival  outlie ‘ m ore  S°  °f  ^  ' 9th  b"<  waa  abated  because 

ot  the  arrival  of  the  more  successful  flotation  and  cyanidation  processes. 

....  Rlckard-.  in.  a"  article  in  The  Engineering  and  Mining  Journal  of  October  19  1895 
Variations  ,n  the  Milling  of  Gold,”  claimed  that  the  chlorination  process  was  first  employed 
at  Grass  Valley  as  early  as  1857.  While  he  did  not  elaborate  on  its  or  gins  7ckard 

Sr  in  rtnn’ofb,  ‘"f  "a™5  a  We"-kl'ow"  fac*  *ba,  gold  wotdd  reaO  whh 

clilonne  m  the  form  ot  bleaching  powder  to  produce  a  soluble  gold  chloride  which  could 

rive  ?tr,tUb  ,y  meanS  °f  precipitation-  Nevertheless,  „  took  another  tbny  years  io 
, ,.  .  ,  oarrel  process,  in  which  the  gold-bearing  concentrates  were  first  roasted  in  a 

ca  uning  urnace  and  then,  alter  being  slightly  moistened,  were  shovelled  into  revolving  lead 
barrels  into  which  chlorine  gas  was  induced.  After  about  four  hours  or  so  die  chemical 

goldTubsequently3 precipitated0""6  °f  ^  Wl,'Ch  WaS  the"  WaShed  thr°ugh  filters  a"d 

reaction  was  rather  slow.  A  tremendous  storage  capacity  for  the  chlorine  gas  was  reauired 
and  ,t  needed  to  be  gas-tight,  which  meant  that  it  was  costly  toZild  and  maTtaTn 
B'eaching  powder  was  expensive  and  chlorine  gas  was  dangerous,  but  most  important  o  -  l7 
it  was  found  that  other  metals  in  the  charge  reacted  before  the  go Id  did  SuiSrn  furthir 
expensive  treatment  of  the  resulting  solution.  Furthermore,  the  recovery  oHhegoMwasl 

c  H,o8;r,-iSrh^t,:a"!1Vn f rotJl  not  lt- 

particles.  Everson,  in  1886,  desert  dm 

°f  a,r  by  agltat,on  to  etfect  the  levitation  of  metalliferous  sulfides  and 
’  dnd  apParent,y  an  experimental  plant  was  set  up  in  Denver  as  early  as  1889.'  1 2 
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i  he  antecedents  of  the  cyanide  process  were  many,  and  accounts  of  its  development  are 
contused.  1  he  tact  that  gold  could  be  dissolved  in  a  solution  of  potassium  cyanide  seems  to 
have  been  known  in  Germany  as  early  as  1805,  while  Faraday  described  how  he  did  this 
experimentally  in  England  in  the  Transactions  of  the  Philosophical  Society  of  1857. 
Apparently  in  1867,  one  Julio  H.  Rae  of  Syracuse,  New  York,  took  out  a  patent  for  treating 
auriierous  ores  in  this  way,  and  others  followed  his  line,  but  no  effort  seems  to  have  been 
made  to  introduce  their  findings  into  the  field  of  metallurgy. 

It  was  not  until  20  years  later  that  three  Scots  chemists  took  out  an  English  patent  for 
the  recovery  ot  gold  by  the  use  of  a  dilute  solution  of  potassium  cyanide,  the  use  of  zinc  as 
a  precipitate,  and  the  use  of  caustic  alkalis  for  neutralizing  acid  ore.  The  fact  that  their 
methods  were  not  really  new  sparked  in  a  whole  series  of  legal  battles  and  law  suits  over  the 
validity  of  their  patent  rights.  Nevertheless,  their  process  ushered  in  a  revolutionary  period 
tor  the  recovery  of  gold  from  the  mountains  of  tailings. 

In  the  1 890’s  the  cyanide  process  involved  a  strong  solution  of  potassium  cyanide  which 
was  made  in  a  tank  and  run  oft  through  a  tinely-woven  steel  wire  filter  into  storage  tanks, 
where  it  was  diluted  until  its  strength  was  as  low  as  0.3  or  0.6  percent.  This  solution  was  then 
passed  into  leaching  vats  filled  almost  to  the  top  with  the  tailings  that  required  treatment 
and  was  allowed  to  percolate  through  the  mass.  The  resulting  solution  was  drawn  off  and 
run  through  precipitating  tanks  (or  zinc  boxes)  which  contained  zinc  shavings,  on  which  the 
gold  was  precipitated.  I  he  mixture  ol  zinc  and  gold  was  then  retorted,  the  zinc  volatizing 
itself,  and  leaving  the  gold.  The  plant  required  for  this  method  was  not  particularly 
expensive  in  that  all  that  was  required  were  tanks  for  dissolving,  storage,  leaching,  and 
precipitating.  These  could  be  supplied  by  manufacturers  and,  for  convenience,  could  be 
mounted  on  bogies  for  easy  transport  on  tracks  to  the  location  of  the  tailings  to  be  worked. 
For  the  individual  cyanider,  who  proceeded  to  attack  every  available  mound  of  tailings 
there  was  even  a  portable  cyanide  plant. 


Although  cyan  id  mg  had  come  into  wide  use  for  gold  processing  by  1900,  amalgamation 
continued  to  be  employed  throughout  the  West.  For  separating  the  precious  metals  from 
‘“,oreAs  by  mercury,  a  number  of  devices  were  used  both  before  and  after  the  early 
1  700  s.  One  method  involved  stamp  mills  with  amalgamated  plates  placed  inside.  As  the 
goid  ore  was  being  crushed  and  ground,  the  free  metal  would  spatter  and  adhere  to  the 
mercury-coated  plates,  forming  an  amalgam.  In  another  process,  crushing  and  grinding 
devices  would  mix  mercury  with  the  ore  as  it  was  ground,  and  the  free  gold  would  thus 
amalgamate  with  the  mercury.  Another  method  involving  mercury-coated  plates  saw 
crushed  and  ground  ore  in  the  form  of  pulp  fed  over  or  through  different  devices  which  held 
mercury-coated  plates  to  which  the  free  gold  would  adhere. 

Other  processes  were  also  developed  to  produce  gold  (and  sometimes  silver)  amalgams. 
Mercuiy  wells  collected  tree  gold  as  the  pulp  was  passed  through  or  came  in  contact  with  a 
pool  ol  mercury.  In  some  methods,  mechanical  amalgamators  brought  crushed  and  ground 
ore  carrying  Iree  gold  into  contact  with  the  mercury  by  some  mechanical  scouring  process. 

Mercury  thus  remained  important  for  many  years  in  the  extraction  processes  used  in 
recovering  gold  from  its  ores.  The  processes  used  to  recover  mercury  itself  did  not  change 
appreciably  during  the  period  from  1872  to  1947,  although  some  modifications  were  made 
in  the  basic  retorting  system.  At  times,  the  recovery  of  mercury  from  gold-processing 
operations  received  as  much  attention  as  did  the  recovery  of  the  metal  from  cinnabar  its 
common  ore  mineral.  In  fact,  in  the  1920’s  and  after,  there  was  a  massive  clean-up  at  some 

mines  to  recover  the  mercury  that  had  drained  into  the  ground  and  become  lodged  in  flues 
and  chimneys.  6 
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1 1.  Changes  in  Silver,  Lead,  and  Zinc  Extraction 

Changes  in  the  advanced  processes  used  in  producing  silver,  lead,  and  zinc  ran  between 
the  changes  that  occurred  in  gold  and  copper.  In  many  cases  the  methods  were  almost 

deposits  bSCaUSe  0  tlle  hlgh  affini,y  of  these  metals  for  each  other  in  many  western  mineral 

earhothp  PC  To  ' 872  t0  ' 947>  lead  and  zinc  were  llsual|y  found  in  association  with 

each  other  and  therefore  presented  complex  problems  of  both  concentrating  and  smelting 

oresY  the6 «r  tl,eyfoundto  occur  separately.  For  the  concentrating  of  the  purely  lead 
s,  the  practice  lollowed  by  the  St.  Joseph  Lead  Company  at  Bonne  Terre,  Missouri 

seems  to  have  been  typical  for  the  1890’s.  First,  the  ore  was  crushed  by  jaw-crushers  and 

wJ|terandr|SI'|eented|dKy'  Tl'e  ?ndS  passing  through  the  screens  were  mixed  thoroughly  with 
'  d  eleva,ed  hy  centrifugal  pumps  to  distributors  and  then  divided  among  Parson  jigs 
without  regard  to  size  or  classification.  The  hutchwork  that  came  through  the  j[gs  then 

slime  setZ8  ’.““sT1111  boXes'  T',e  heaVy  galena’  mixcd  with  so"’e  sand  and 
™ '  1t‘  d  "  *  le  "tstbox,  from  which  it  was  fed  into  a  trunking  machine  and  then  on  to 

settled1  m"t|g  WOrkSHTKIS  lr0m  tbe  trunking  macl|ine,  together  with  the  sands  that  had 
Tvs  T  Jr  second  box,  were  elevated  again  by  centrifugal  pumps  and  divided  between 
.Mgs.  The  fine  shrnes  that  settled  in  the  third  and  fourth  boxes  were  mixed  and  again  raised 

o f  concent r  °t e  ' ^  3 llstnblltors  feedmg  a  row  of  vibrating  tables  producing  an  added  amount 

The  smelting  of  lead  was  particularly  difficult  since  it  was  all  too  often  a  constituent  of 
si  ver-beanng  ores,  and  m  the  I890’s  the  main  occupation  of  lead  smelter  metallurgists  was 
extensive50  U  S  *°  ‘  ^  problem  of  si|ver-lead  separation.  Experimentation  was  quite 

Apparently  the  lead  smelting  furnace  most  favored  in  America  was  the  four-hearth 

stenmarked^ti  e  dbeCaUSe  f,i  Z8'1’  c'  th6  hearth  WaS  rOUghly  four  times  its  width  a"d  no 
essenZl  f!  ,  dlV'S1°fn  hear,hs'  Capable  smelting  about  ten  tons  of  ore  a  day,  its 
ssent  al  feature  was  a  fusion  hearth,  almost  circular  in  shape,  beneath  which  was  situated 

sugges  ed  inbntVhUv  ‘if  “Z  ^  Charge-  ManV  improvements  and  sophistications  were 

reverberatory *fu rn ace!  ^  WeStern  Smel‘erS  COntinued  to  prefer  tllis  long  double-hearth 

,  '4fter  tjiis  Primary  roasting  process,  most  lead  ore  still  had  to  undergo  a  further  refining 
or  generally  ,t  still  contained  (in  addition  to  silver)  some  antimony,  arsenic  copper  Iron' 

for  n.rthir  ar°UntS  sufflcient  t0  hlnder  the  final  recovery  of  the  silver.  The  method  used 

he  aUnosDhere’.'mt.r.sll  u  m  the  crude  lead  and  expose  it  to  the  oxidizing  influence  of 
s  Iver-lTad  allov  The  "npunties  were  recovered  as  surface  scum,  thus  leaving  a  pure 
silver  lead  alloy.  The  final  extraction  ol  the  silver  from  the  lead-silver  alloy  was 

affecZg'tht  silver CUP18  by  CaUSil’g  a  rapid  oxidization  of  the  lead  without 

What  to  do  with  the  slag  was  always  a  problem  in  lead  smelting,  for  it  might  contain  as 

re-smelting01/^  Lead  "'ll  'Z ,  Z  °"f  OU"“  °f  ton  L  therefore  be  worth 

resme  ting.  At  Leadville,  Colorado,  the  practice  was  to  use  an  old  furnace  for  this  purpose 

the  rich  slag  there  averaging  more  than  five  ounces  of  silver  per  ton  P  ’ 

.  As ,tl!eJead  mines  reaehed  greater  depths  and  the  oxidized  surface  ores  became 
iqnnUt|(ed'  '  k ,treatm,ent  ol  z'nc-lead  sulfides  became  of  increasing  importance  and  even  by 
1900  the  problems  of  smelting  such  ores  had  really  not  been  solved.  Some  success  had  been 
a.  a,„ed  at  the  works  of  the  Richer  Lead  Company  a.  Joplin,  Missouri,  by  empToying  what 

vola,  a  of  tt  zm^S  "‘‘T  Pr°CeSS'  the  was  a-ed  directly  at  the 

su  fa  e  f  mZ  J  .l  l  PTa  ^  ad°Pted  for  etching  the  zinc  oxide  and  lead 

sulfate  fumes,  while  the  residual  matter  and  slag  contained  iron,  some  lead  and  most  of  the 

s,  ver  from  the  original  ore.  These  were  then  charged  in  an  ordinary  lead  smelting  Znace 
?eated™here0CeSS  W3S  Can°"  City’  C°lorado-  f°r  *"e  Serous  zinc-lead  sulOdes 


415 


IKdwXXXTT  C«led  tht  West  l>rocess  was  bein«  tried  out  with  some  success  in 
893  at  the  Stiver  Valley  Mtne  in  North  Carolina.  This  operation  involved  a  long  series  of 

it  n  i  r5565'  r  roasmn8  the  ore;  (2)  cooling  it;  (3)  moistening  it  with  water;  (4)  placing 

oa°L  wXa  ie,Poef  t  'Vh  'alSTb?U°med  ta"k;  <5>  ^cing  the  sulfurous  acid  from  the 
roaster  with  a  jet  o  steam  through  the  ore  in  the  tank,  and  thus  converting  the  oxide  into 

w' der®  rfU  6  y  sulfate;  (6)  removing  the  ore  to  a  separate  tank;  (7)  feaching  it  with 

water  (8)  passing  gaseous  ammonia  into  the  solution,  thus  precipitating  zinc  hydrate-  (9) 
transferring  the  solution  of  ammonia  sulfate  to  a  still;  (10)  adding  lime  and  heat  to 
regenerate  the  ammonia;  (1 1 )  drying  the  leached  ore  containing  the  iron,  lead,  and  precious 

The  1  "  Tr°n  n°°r  heated  by  *he  raast^  and  ^en  (12)  smelting  it  in  the  usual  way 
J,  d  h?  !’  1,owever.  ^ was  considered  to  be  too  complicated  and  costly  for  wide  application 

concentrate. '^°Vered  V  8°  PCrCent  °f  the  iead  and  70  Percent  ‘he  zinc  ,n  the 

of  leandi8A9t5sIueoenWVarn  “T  remarkable  zi"c  deP°sits  being  worked  that  were  entirely  free 
ol  lead.  At  Saucon  Valley,  Pennsylvania,  three  principal  mines,  the  Ueberroth  the  Hartman 

Hill  Mp  8a,UCOn’  a  were  011  a  belt  ol  zinc  nearlT  a  mile  in  length.  At  Franklin  and  Sterling 
Hill,  New  Jersey  an  enormous  bed  of  zinc  ore,  2,500  feet  long  and  about  30  feet  in  width* 

was  being  mined  down  to  a  depth  of  200  feet.  In  Upper  Mississippi,  the  lead  regions  were 

MoniX®  S  ?|W  Jipos'ts  dry-bone,”  that  is,  smithsonite  or  zinc  carbonate.  Near  Butte 

were  b"^g  smelted  aat8Are  ?C  7  X’  IZin7blende  Walerite),  thousands  of  tons  of  which 
r  t  ,  f i  at  Argo,  Coloiado.  In  Virginia,  there  were  several  zinc  mines  near  Wvthe 

i  y,  and  there  were  also  valuable  zinc  deposits  in  Southwestern  Kew  Mexico. 

i  one0'  the  treatment  of  zinc,  the  process  developed  at  the  Bertha  works  in  Virginia  about 
895  may  be  regarded  as  typical.  There,  the  storage  bins  for  receiving  he  ore  s  ttme 

timbered*  trestles  IZ  17?*  "™'™*™**  system.  These 

center  of  which' passeXthe  water  trough®  WlieTtlie^oreXad^been^umped^'it'^vas  fed 

ssar  and  th®n  camed  by  -  —  -  -  -  52 

the  top®  7ll,reWhUS|PandPfrlUPthfr0mft'r-nnVer  by  heaVy  Wor,hi"Sto"  pumps  to  a  large  tank  at 
top  ot  the  hill  and  irom  there  tell  by  gravity  into  the  flumes  which  were  made  of  cast 

.ron  From  the  flumes,  the  zinc  ore  fell  onto  a  grizzly  and  the  smaller  lumps  Massed  into 

Te  claTand'Xuckfrr' tI'  7h‘Ch  ^  V  Sentle  Primary  sluicing  to  separate  and  dissolve 
rods  and  sorted  X  '  i  'Umps  T®  then  crushed  by  a  Jaw-cnisher  and  a  pair  of  Cornish 
passed  down  to  L  ,  by  acomcal-  Perforated,  and  revolving  screen.  The  smaller  pieces 
Sd  d°*"  l°  ,four  set*  01  J‘SS  on  which  they  were  thoroughly  concentrated  While  the 
tailings  still  had  to  pass  through  a  classifier  and  then  over  two  other  jigs  the  concen  ra  ed 
ore  was  dried  in  a  roasting  plant  and  then  shipped  to  the  smelter.  concentrated 

sme,ting  works  consisted  of  ten  large  Welsh-Belgian  furnaces  each 
naming  140  retorts  or  pots.  The  calcined  ore,  mixed  with  a  proper  proportion  of 

moutTof  each  The  furnfee  11110  ‘f®  n'f 3  Sh°rt  C‘ay  condenser  being  set  into  the 
utn  o  each,  ihe  furnaces  were  fired  from  below,  the  flames  circulating  around  'ind 

cJTh  the  oxyVenTtXXe®^®'10'1  °f  ^  ^  °re  by  C°mbining  the  carbon  °f 

thevAwderef®scat,tPPreHCtiC®d u°  *®  ,ollowed  for  tlle  Wisconsin-Illinois  zinc  deposits  because 

moutlTof  ead  X  re"?,  re"  A*  3  ^  “  became  the  habit  to  erect  small  mills  a,  the 
mourn  of  each  pit,  treat  the  rough  ore  by  gravity  concentration  on  jigs  and  then  sell  the 

ZZZT  t0  Centra'  Cleani"8  millS  Whkh  alS°  «*<**«*<*  roa8s,i„gdnd  magLtt 

•  F°r  CO™plex  ore*’  3  Sreat  many  plants  adopted  the  same  procedures  tinged  with  local 

Northern  Wal^r'®’  7  7 "7  HiU  a"d  Sulliya"  and  ConcenTraUng  pllm  in 

.  .  •  the,  concentration  began  with  the  usual  crushing  and  finished  with  a  simple 

lead-zinc  differential  flotation.  The  plant  of  the  Anaconda  Copper  Company  in  MoZia 
much  the  same.  There,  jaw-crushers  with  scalping  screens  were  followed^  rolls,  and 
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depression  of  the  zinc  concentrate  during  flotat  ^  u™  °  °wed  by  Waning.  The 

sodium  cyanide.  Most  of  the  zinr  fl°t  ,tlon , was  obtained  by  using  zinc  sulfate  and 

elsewhere  for  smelting  Only  in  1928  did  ^tr^tes  fr0™  the  Coeur  d’Alene  were  shipped 
plant.  1 16  ,llng-  UnIy  in  1 928  did  the  Bunker  Hill  Company  start  its  zinc  reduction 

12.  Changes  in  the  Advanced  Processing  of  Ferrous  Metals 

nonferrous  metals'accelS'ated  afteTuSTT*  tlitMtro16  adVfance,d  treatment  of  the  ores  of 
ores  underwent  little  fundamental  r>n  ’  p  ocesses  ^or  tlle  Pr°duction  of  iron  from  its 
Nevertheless,  if  the  LZds  nf  ,!  ?^  Untd  after  the  middle  of  th«  20th  Century 
technology  more  exposed  tn  inve  r  CGn  ratl°n  were  relatively  simple,  never  was  a  field  of 

followed  w« much PZ same  S°fu™ 7  7  77"?. °f  ^  Yet  the  prmaple 
blasts  of  heated  air.  Furnaces’  were  fed  wi  f  o  ’6^  7  ®  'f8®  WaS  subJected  to  continuous 
or  flux  for  the  remova  of  tU  eartlv  "7  °refm,xed  wth  c°al  and  limestone  as  a  purifier 
heaviest  component  ofhecl  !  h  h  !°Pl  ‘2®  °r®'  The  molten  metal,  being  the 
was  drawn  off  into  moulds  or  p£  ’  *°  *h®  b°tt0m  °f  ,he  fu™“-  from  where  i, 

too  IXTh"  "dTT  b6CaUS®  ‘h®  Pi8  ir°"  c°"‘a-d 

fr°  The°nePxetrstXide  Pr°Vid®d  ^  the^"%  used  '“'“he  ImmgTthe furnace^""  ^ 
with  charcoal  in^a  ^me^tuWo^furna^r'Tl^^^t'™11  n-t0  steeb  This  was  d°"e  by  heating  it 
with  the  appearance  of  the  open-hearth  or  re/erh ^'7®  ^r8®  WaS  subse<t“ently  avoided 
possible  to  go  straight  from  pig  iron  to  steel  A b  urnace’  by  wilich  '*  became 

converting  was  subsequently  to  eliminate  the  nhn"  ,lmportant.  refinement  in  open-hearth 
instead  of  a  siliceous  lining  in  the  converter  inHde  7  orLIS  ‘n  ,be  P'8  iron  by  using  a  basic 
that  contained  25  percent  phosphoric  acid  as  a  by-product"’  ^  Va'Uable  fertilizer 

after  1900,  since  some  mean 7h a d "t o 77  at< r'"'tetf  continuous  and  considerable  attention 
began  to  cover  the  land.  The  manufacture  of  ferrr  ®  rid  of  the  millions  of  tons  of  slag  that 
but  the  use  of  slag  in  the  cement  inrii  t  i  ! lzers  becarne  by  far  the  most  important, 
could  be  used  in  the  paint  industrv  ifIS  ^  so.  de^eloPed*  The  discovery  that  puddle-slag 
fine  powder  in  pulverizers  arid  settled  in'ab®  7''  '®ated  Clnders  a,,ur  being  crushed  to  a 

New  Jersey)  also  helped  to ^ufilLe  ome  of  the  w  W°rk®d  0ut  a*  B°onton, 

process.  6  SOme  ol  ,lle  waste  Products  of  the  iron- and  steel-making 

1 900^  No°d:  'of  the' JstVeael-makLg,useest  of  T  ^  dld  app-  “"•«  a^r 

molybdenum  was  first  being  talked  about  The  7’  'va^  thought  of  m  the  I890’s  when 

Technology,  and  Trade,  Zle  U  S  anTZJer  Cn  ,  f  "T*'  7“^’  “s  St^' 
of  1892,  described  the  metal  as  bemg  used  ,n  T 7^™?  the,E“rHest  ™»«  to  the  End 
reagent  and  as  molybdate  of  sodium  lo  nrJ!  J.  ?™  °  n’.°lybdlc  acid  as  a  chemical 
pottery  industry  and  for  the  coloring  of  ,  a  S  r°ng’  solld-  and  brilliant  blue  in  Hie 
compounds  of  molybdenum  have  lome  nnno^am  "S  i!  a'S°  added:  “Although  the 
required  is  small  and  there  is  no  great  !  (he  arts,  the  quantity  of  them 

demand  were  to  increase,  the  metal  could  he  -  ^  '® m,neral-’  It  was  suggested  that  if  the 
said  that  considerable  deposits  existed  among  t h PP  '®  ‘P  Very  ,large  quantities  since  it  was 

“,n  ^  -Te/t  i«7exist®d 

•be  deposits  in  Colorado 

production  since  1 920  has  been  at  riin^v  r  a  T i  natlon  s  center  of  molybdenum 
a  large  disseminated  deposit  ’  C°l0rad°’  Where  the  molybdenite  is  mined  from 
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Table  29 


IRON  ORE  PRODUCTION  IN  THE  UNITED  STATES 

1936-1947 


Production 

Average 

Productivity3 

Open  Pit 

Crude  ore 

Contained 

Grade 

Crude  ore 

Contained 

Production 

Productivity 

(1,000 

iron,  (1,000 

(percent 

tons  per 

Iron 

(Percent 

long  tons 

long 

long 

iron 

man/hr 

tons  per 

of  total 

per 

Year 

tons) 

tons) 

contained) 

man/hr 

ore) 

man/hr 

1 936 

54,856 

24,684 

45.0 

1.47 

.66 

67.3 

7.6 

1937 

80,906 

36,411 

45.0 

1.57 

.71 

71.0 

7.3 

1938 

31,718 

14,094 

44.4 

1.04 

.46 

56.8 

2.9 

1939 

57,353 

26,012 

45.4 

1.47 

.67 

66.8 

4.9 

1940 

83,404 

37,316 

44.7 

1.71 

.77 

71.0 

7.0 

1941 

107,720 

47,060 

43.7 

1.78 

.78 

74.7 

5.6 

1942 

126,527 

53,489 

42.3 

1.68 

.71 

73.3 

5.7 

1943 

1 19,675 

51,299 

42.9 

1.56 

.67 

72.6 

6.2 

1944 

1 12,255 

47,982 

42.7 

1.71 

.73 

74.2 

7.0 

1945 

107,509 

45,662 

42.5 

1.77 

.75 

74.0 

7.4 

1 946 

85,152 

35,491 

42.2 

1.70 

.72 

75.9 

8.0 

1947 

1  14,899 

47,000 

40.9 

1.77 

.73 

75.1 

6.7 

includes  surface  and  underground  employees,  shops,  and  preparation  plants. 
hl noludes  surface  mining  employees  only. 


Source  of  data:  Minerals  Yearbook  and  other  Bureau  of  Mines  sources. 


The  treatment  of  other  ferro-alloys  also  began  in  earnest  after  1900  even  though  the 
development  of  their  mining  remained  dormant  in  the  United  States.  The  domestic  mining 
of  nickel,  for  example,  never  has  been  of  great  consequence.  In  1  892,  scattered  deposits  were 
reported  as  existing  in  Arkansas,  Colorado,  Connecticut,  Iowa,  Massachusetts,  Missouri, 
Nevada,  North  Carolina,  and  Oregon,  but  up  to  1 893  the  chief  source  of  supply  was  the 
Lancaster  Gap  Mine  in  Pennsylvania.  By  the  end  of  1894,  however,  this  mine  was  almost 
exhausted,  exploration  work  had  revealed  no  new  orebodies,  and  production  was  limited  to 
“picking  out  the  eyes”  of  old  stopes.  It  is  true  that  the  lead  mines  of  Southeast  Missouri 
turned  out  a  small  amount  ot  nickel-cobalt  spciss  as  a  by-product,  but  their  concentrates 
had  to  be  sent  to  England  for  treatment.  Oregon  and  Nevada  showed  some  slight  promise 
but  returned  no  marketable  yields,  though  it  was  reported  in  1894  that  the  National  Nickel 
C  ompany  of  New  York  was  contemplating  the  erection  of  a  matte  smelting  works  at  their 
mines  in  Nevada. 

Nickel  smelting,  however,  was  well  advanced  by  the  end  of  the  19th  Century,  mainly 
through  the  efforts  of  several  firms  on  the  East  Coast,  namely  the  American  Nickel 
(  ompany  at  Camden,  New  Jersey,  the  Canadian  Copper  Company,  near  Cleveland,  Ohio, 
and  the  Oxford  Copper  Company  at  Constable  Hook,  New  Jersey.  All  of  these  companies 
were  refining  Canadian  matte  and  producing  nickel  oxide  for  the  refining  of  steel  by  1900. 
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The  Oxford  Copper  Company  was  particularly  successful  and  by  its  fire  process  was 
instrumental  in  making  a  metallic  n.ckel  that  was  99.3  percent  pure.  In  1894  it  was  also 
experimenting  with  an  electrolytic  process  that  could  produce  nickel  for  use  in  the 
manufacture  of  German  silver,  and  this  turned  out  to  be  of  so  remarkable  a  purity  that  it 
was  even  in  demand  throughout  Europe.117 


13.  Changes  in  the  Advanced  Processing  of  Other  Metals 

Another  metal  that  did  not  come  into  prominence  until  after  the  turn  of  the  century  was 
aluminum.  Like  nickel,  its  advanced  processing  methods  were  developed  in  the  United 
States  even  though  there  were  only  limited  amounts  of  aluminum-bearing  ores  produced  by 
domestic  mines.  The  metal  is  widely  distributed  as  a  constituent  of  many  different  minerals, 
but  extraction  was  and  is  only  commercially  feasible  from  bauxite  or  cryolite.  The  known 
American  deposits  were  in  Alabama,  Arkansas,  the  Carolinas,  Georgia,  Tennessee,  and 
Virginia,  but  they  were  limited  in  size  and  quality. 

The  significance  of  uranium  in  the  industrial  and  political  world  of  1968  does  not  need 
any  underlining,  but  in  1893  it  was  being  remarked  in  The  Mineral  Industry  (1893)  of  that 
year  (p.  572)  that,  J 


There  is  no  use  for  metallic  uranium,  but  its  salts  are  valuable  in  the  arts, 
being  employed  in  the  manufacture  of  uranium  glass,  which  has  a  peculiar  yellow 
colour,  with  a  greenish  reflex,  which  is  much  admired.  They  are  also  used  in 
colouring  porcelain  and  to  some  extent  in  photography  ...  If  uranium  could  be 

found  in  larger  quantities,  there  is  no  doubt  that  it  would  find  a  more  extensive 
use  in  the  arts. 

At  the  time,  some  English  and  German  metallurgists  indeed  were  looking  for  uses  very  far 
removed  from  the  arts,  believing  that  it  could  increase  the  elasticity  and  hardness  of  steel 
and  hence  be  ot  tremendous  value  in  the  making  of  guns  and  armor  plating,  all  part  of  the 
growing  anxiety  about  the  new  military  power  of  post-1  870  Germany.  It  was  felt  by  many, 
however,  that  the  high  cost  of  uranium  at  the  time  precluded  its  employment  for  that 

purpose.  According  to  Lock,  the  market  price  in  1895  was  roughly  equivalent  to  four 
dollars  a  pound. 

About  1 89 1  pitchblende  was  found  among  the  rocks  of  the  Ball  Mountain  district  in  the 
Black  Hills  ot  South  Dakota,  but  as  early  as  1871  Pearce  had  come  across  a  lode  in  the 
Wood  Lode  Mine  in  the  Russel  district  of  Gilpin  County,  Colorado.  In  view  of  the  fact  that 
it  is  in  the  same  area  that  uranium  discoveries  were  made  after  the  end  of  World  War  II, 
what  the  original  discoverer  had  to  say  is  worth  noting: 

The  mine  had  been  abandoned  .  .  .  When  unwatered  the  shaft  was  found  to 
be  about  1 00  feet  deep,  and  I  discovered  that  at  60  feet  from  the  surface  a  body 
of  pitchblende  had  been  passed  through.  On  further  development  its  dimensions 
were  found  to  be  30  feet  long  and  10  feet  deep.  The  vein  of  ore  was  about  10 
inches  thick.  Nearly  four  tons  of  it,  carrying  70  percent  oxide  of  uranium,  were 
obtained.  The  former  owners  had  sent  the  best  part  of  the  deposit  to  the  stamps 
mill  with  their  ordinary  gold  quartz.  Complaint  was  made  of  the  hindrance  which 
the  heavy  black  mineral  offered  to  amalgamating  but,  being  ignorant  of  its  value, 
it  was  washed  away  with  the  water  that  flowed  into  the  creek.  Further  search  for 
another  body  of  pitchblende  proved  unsatisfactory.  A  small  bunch  of  this 
mineral,  however,  was  found  in  the  vicinity,  at  the  Alps  mine,  on  Quartz  Hill.1 1  8 
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In  m9  these  ores  yielded  almost  60,000  pounds  of  uranium,  yet  one  minerals  processing 
authority  in  1  )44  was  still  saying,  with  justification,  that  “its  uses  are  practically  limited  to 

the  glass  and  ceramic  industries”  and  that  “the  world  potential  resources  of  uranium 
considerably  exceeds  the  present  demands.”1 1 9 

14.  Changes  in  the  Advanced  Processing  of  Industrial  Minerals 

The  treatment  of  industrial  minerals  underwent  considerable  change  after  1872  as 
increasing  industrialization  in  the  United  States  created  new  demands  for  chemical  raw 

a,ndao0gr,°rg  popu,lation  required  more  minerals  for  fertilizers  and  construction 
materials.  In  1892  the  nation  s  most  important  phosphate  deposits  were  in  South  Carolina 

?hereSOin e ie8SQ|materS  *nown /e/erves  at  ^  million  tons.12°  Actually,  river  mining 

there  in  891  extracted  about  half  a  million  tons,  and  this  rate  of  production  was 

maintained  until  1  8  93  when  an  August  hurricane  practically  destroyed  the  industry  After 
this  and  as  a  result  of  it,  there  was  an  immediate  demand  for  the  Florida  phosphate  deposits 
while  the  search  for  new  sources  went  on  successfully  in  Tennessee 

‘n“  an  un,uf  ^  melhod  of  mining  the  pebble  phosphate  deposits  was  in  operation 

nliH89f '  f  mav!Yad  f6  eadmg  from  the  washers  miles  away  was  laid  so  that  it  divided  the 
leld  of  phosphate  rock  into  equal  parts  on  either  side.  Alternate  laterals  were  then  laid  out 

at^!g^tangl^s’  ab°llt  600  feet  apart>  and  subdivided  by  a  ditch.  At  the  ditch,  two  workmen 
started  their  line  of  digging,  equipped  with  no  more  than  spades,  shovels,  and  picks  Working 

rrs;  e  uUTa  th7  excavated  an  area  300  feet  by  12  feet.  The  rock  that  they  dug 
out  was  then  wheeled  in  barrows  to  a  platform  at  the  end  of  the  road,  where  it  was  found 

that  by  placing  a  pump  under  the  banks,  the  latter  could  be  made  to  cave  in  and  the 
overburden  drawn  off  through  the  pump,  after  which  the  pebbles  could  be  handled  and 
carted  away.  In  some  places,  dredges  were  used  to  mine  the  rock  that  was  in  deep  water 
while  grappler  dredges  were  designed  to  cope  with  especially  difficult  rock. 

rom  these  early  strip  mines  the  rock  was  carried  to  the  washers  in  dump  cars  The 
washers  were  always  located  near  deep  streams,  not  only  on  account  of  easy  shipment,  but 
because  of  the  colossal  amount  of  debris  carried  off  in  the  washing. 

The  beneficiation  and  processing  system  was  relatively  simple.  The  loaded  cars  were  first 
hauled  up  inclines  and  their  contents  dumped  into  breakers.  The  crushers  reduced  the  rock 
o  particles  about  fist-size  which  then  fell  into  circular  troughs  about  25  feet  long.  In  each 
rough  was  an  octagonal  shaft,  cased  with  iron  and  set  with  blades  in  such  a  way  as  to  form 
a  screw  system  which  forced  the  rocks  uphill  and  tumbled  them  all  together.  A  heavy  stream 
of  water  poured  into  the  trough  and  washed  the  rock,  at  the  same  time  pushing  the  rock 

taw"  The  fin"!  !  mCh  the  r°Ck  WaS  further  sized  on  an  ^Mating  wire 

mnrp  ^  perttl0n  mvolved  drymg  the  particles,  either  in  the  open  air  or,  as  was 

more  often  the  case,  by  means  of  a  Sturtevant  fan  dryer  revolving  at  2,000  revolutions  per 

mAft^ndl  or^r  thhYf  3  W.°Kodburnin8  furnace  and  into  pipes  inside  a  drying  bin. 
After  1900,  although  the  pebble  phosphates  of  Florida  showed  little  signs  of 

•ind  th°Se  uf  TerLnueSSee  C3me  int°  their  own  and  new  dep°sits  were  found  in  Idaho 

and  the  Mountain  West.  The  treatment  at  first  applied  to  the  Western  phosphates  was  that 

o  log-washing  with  high-pressure  sprays  with  the  screening  and  discarding  of  all  large 
atena  Later  developments  made  the  processes  much  more  efficient.  Froth  flotation 
eventually  allowed  recovery  of  about  80  percent  of  the  phosphate  in  the  washer  fines 

I  he  term  asbestos  was  originally  applied  to  the  fibrous  variety  of  the  mineral 
lorn  blende  (which  was  of  no  great  economic  importance)  and  then  to  fibrous  serpentine  or 

tz°n tjun ,1,  r  for the  fbuik  <°f ti,e  worid’s  supp,y- itaiian  ^ -ru 

f  '  "  ’  k'rld.  “"W  deposits  were  found  in  1878  in  Canada,  along  the  line  of  the  Quebec 
Central  Railroad  from  Quebec  to  Sherbrooke.  There  the  mining  was  carried  on  in  open 
quarries.  After  the  rock  was  blasted,  the  long-fibred  asbestos  was  knocked  off  the  serpentine 

wm  M  °‘  th “  Simple  °peration  packed  in  ba«s  delivery  to  the  buyeTs  who 

uld  sell  It  lor  use  in  the  packing  of  steam  boilers  and  hotwater  pipes  and  for  fire-proofing. 
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Some  asbestos  deposits  had  been  found  in  ,the  United  States  by  1 900,  but  they  were 
generally  so  deficient  in  quality  that  they  could  not  be  profitably  worked  and  were  only  of 
mineralogical  interest.  In  1894  the  only  deposit  of  any  significance  was  in  White 
County,  Georgia,  where  an  asbestos  mine  was  worked  by  the  Sail  Mountain  Asbestos 
Company.  There,  two  pulverizers  were  built  with  a  capacity  of  75  tons  per  day,  and  other 
machinery  was  installed  for  separating  the  fibres  and  packing  them  for  shipment.  The 
United  States  still  had  to  depend  on  Canadian  supplies  for  most  of  its  asbestos,  even  though 
just  belore  World  War  II,  Vermont  was  producing  about  1 2,000  tons  annually. 

The  varieties  of  limestone  seem  to  be  as  numerous  as  its  occurrences,  for  it  has  been 
ound  almost  all  over  the  United  States.  One  of  the  most  useful  of  building  stones,  in  1893 
the  most  popular  was  the  oolitic  limestone  of  Lower  Carboniferous  age  found  in  the  Central 
Mississippi  Valley.  Quarried  extensively  near  Bedford,  Indiana,  and  known  therefore  as 
Bedford  stone,  it  was  also  worked  in  Illinois,  Kentucky,  Iowa,  Missouri,  and  Arkansas.  A  less 
widely  known,  but  equally  valuable,  stone  was  dolomite  or  magnesian  limestone  (called 
cotton-rock  in  some  localities)  of  Lower  Silurian  age,  occurring  in  Arkansas,  Missouri, 
owa  and  Minnesota,  and  another  was  the  Niagara  limestone  of  Upper  Silurian  age, 
found  in  New  York,  Ohio,  Indiana,  Illinois,  and  Arkansas.  Also  widely  used  were  the 
Devonian  limestones  of  New  York,  Iowa,  and  Minnesota,  the  carboniferous  limestones  of  the 
Rockies,  the  tertiary  coquina  of  Florida,  and  the  white  limestones  of  Alabama. 

Limestone  s  early  uses  were  likewise  almost  as  numerous  as  its  occurrences.  By  1900  it 
was  appearing  as  an  important  raw  material  in  the  manufacture  of  portland  cement,  bricks, 
glass,  and  paving  blocks.  It  was  considered  ideal  for  railroad  ballast  and  for  macadamizing 
roads.  Almost  all  curbstones,  sewer  caps,  and  flagstones  were  of  limestone.  Large  quantities 
were  bought  lor  the  making  of  carbonic  acid  gas  for  soda-water  fountains,  and  ever  vaster 
quantities  were  burnt  in  kilns  to  make  agricultural  lime.^  2^ 

The  techniques  used  in  the  winning  of  the  limestone  were  simple  at  first  and  did  not 
change  much  over  the  years.  Lime  burning  was  a  widespread  industry  in  the  19th  Century  as 
i  lad  been  in  Europe  for  centuries  before.  A  typical  lime  kiln  in  the  California  of  1  895  was 
constructed  in  the  form  of  a  circular  furnace  about  60  feet  high,  tapering  from  a 
circumference  of  about  100  feet  at  the  base  to  about  40  feet  at  the  top,  surmounted  by  a 
0-foot  stack.  The  kiln  had  an  outer  wall  of  ordinary  brick  and  an  inner  wall  of  firebrick. 

thickinterVeninS  SPaCC  W3S  fUled  With  concrete  so  that  a11  together  formed  a  wall  six  feet 

The  limestone  to  be  burned  was  lowered  to  a  charging  platform  which  led  to  the  door  of 
the  kiln.  About  20  feet  beneath  this  charging  platform,  the  kiln  was  surrounded  by  a  firing 
*°°r’  °n,a  !^vel  w,th  which  were  three  fireplaces,  built  at  equal  distances  in  the  main  body 
o  le  kiln  The  ash-pits  beneath  the  grates  of  the  fireplaces  extended  directly  down  through 

the  wall  of  the  kiln,  leading  separately  and  directly  to  the  ground  or  drawing  floor  about  o o 
feet  below. 

The  space  in  the  kiln  between  the  level  of  the  fireplaces  and  the  ground  floor 
constituted  a  cooling  chamber.  The  kiln  was  charged  by  filling  this  cooling  chamber  with 
waste  rock  up  to  the  level  of  the  fireplaces.  The  fires  were  then  lighted  with  four-foot  sticks 
of  redwood  and  left  to  burn  for  three  days.  At  the  end  of  that  time  a  charge  equal  to  24 
barrels  of  waste  rock  was  drawn  from  the  bottom  of  the  kiln  and  fresh  limestone  added  at 
the  charging  coor.  After  six  drawings  in  24  hours,  the  waste  rock  was  all  drawn  out  and  the 
lime  then  began  to  make  its  appearance.  This  was  then  shovelled  out,  sorted,  and  made  ready 
for  shipment.  A  kiln  of  this  kind  could  produce  about  160  barrels  of  lime  in  24  hours.123 

he  techniques  used  in  treating  limestone  remained  relatively  simple  after  1900.  Initially 
broken  by  blasting,  the  cutting  for  dimension  stone  was  chiefly  done  by  gang  saws  which 
consisted  of  soft-iron  blades  set  in  a  reciprocating  frame  and  fed  with  sand  or  a  steel 
a  rasive.  Subsequent  cutting  was  done  with  a  diamond- or  carborundum-toothed  circular 
saw  Smoothing  was  achieved  by  planers  or  on  a  rubbing  bed,  a  flat  rotating  cast-iron  table. 
Crushing  tor  broken  stone,  agricultural  stone,  and  limestone  dust  was  generally  done 
l rough  jaw-crushers  and  gyratories,  standard  cone  crushers,  rolls,  hammer  mills,  revolving 
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Table  30 


MINING  AND  BENEFICIATION  COSTS,  BAGDAD  COPPER  MINE,  1943 


Mining 

Labor 

Supplies 

Power 

Miscel¬ 

laneous 

Total 

Stope  preparation 

— 

— 

— 

$  9,070.89 

$  9,070  89 

Drawing  and  tramming 

$12,576.10 

$2,805.60 

$  84.37 

30.00 

15  496  07 

Maintenance 

1,241.13 

60.00 

— 

1  301  80 

Hoisting 

1,740.98 

207.90 

162.50 

— — 

2  061  38 

Pumping 

6.82 

64.55 

30.80 

_____ 

102  17 

Ventilation 

13.64 

52.86 

42.64 

_ 

159  14 

Proportion  of  general 

— 

— 

— 

8,187.76 

8,187.76 

Total 

$15,578.67 

$3,191.58 

$320.31 

$17,288.65 

$36,379.21 

Miscel- 


Milling 

Labor 

Supplies 

Parts 

Power 

laneous 

Total 

Crushing 

Ball  mills 

Flotation,  copper 
Flotation,  moly 

Filtering 

Tailings  disposal 

Water 

Proportion  of  general 

$1,134.51 
774.26 
,  720.03 

1,095.56 
917.73 
1,380.68 
921.44 

$  493.48 
5,311.05 
1,512.00 
558.52 
22.17 
19.19 
304.86 

$489.91 

661.44 

618.16 

464.02 

145.72 

236.34 

24.56 

$  21 1.60 
1,468.05 
432.72 
55.28 
78.63 

500.39 

$4,371.19 

$  2,329.50 
8,214.80 
3,282.91 
2,173.38 

1.144.25 
2,136.21 

1.751.25 
4,371.19 

Total 

56,944.21 

$8,201.27 

$3,190.15 

$2,746.67 

$4,371.19 

$25,403.49 

Cost  per  ton 

$0,118 

$0,214 

$0,081 

$0,072 

$0,114 

$0,662 

Cost 

per  ton 

$0,237 

0.405 

0.034 

0.054 

0.003 

0.004 

0.214 


$0,951 


Cost 
per  ton 

$0,061 

0.215 

0.086 

0.057 

0.029 

0.056 

0.045 

0.114 


0.662 


Source.  S.  D.  Woodruff,  Methods  of  Working  Coal  and  Metal  Mines,  New  York:  Pergamon  Press,  1966,  Vol.  3,  p.  333. 


screens,  vibrating  screens,  and  bar  grizzlies.  Washing  was  done  by  fishtail  sprays  over  screens 
and  by  log-washers  and  blade  mills  to  break  up  any  tough  clay. 

The  techniques  changed  in  burning  lime,  however,  with  rotary  kilns,  adapted  from 
^ement  practice.  These  were  at  first  used  for  burning  the  spalls  or  fines  and  the  firing  was 
usually  by  gas,  oil,  or  powdered  solid  fuel.  Subsequently,  and  by  1947,  rotary  kilns  were  in 
virtually  universal  use  for  calcining  limestone  and  similar  industrial  minerals. 

The  many  technological  changes  that  took  place  in  the  nonfuel  mineral  industries  of  the 
United  States  between  1872  and  1947  had  many  effects.  The  most  noticeable  was  on  labor 
productivity  and  consequently  on  the  cost  of  minerals  production.  Although  the  unit  price 
of  labor  was  higher  in  1947  than  in  the  1870’s,  the  cost  of  producing  a  ton  of  ore  had 

declined  substantially.  Total  mineral  output  per  man  employed  in  the  industry  was  much 
higher. 

The  productivity  of  other  than  human  resources,  however,  had  decreased  by  1947. 
Minerals  mined  in  most  cases  were  considerably  lower  in  valuable  content  than  were  those 
produced  in  the  1860  s  and  1870’s.  The  vastly  increased  use  of  wet  beneficiation  processes 
greatly  increased  the  use  of  water  in  minerals  production.  The  growth  in  the  mass  mining 
and  treating  of  huge  quantities  of  low-grade  rock  made  the  availability  of  large  areas  of  land 
for  waste  storage  a  necessity.  The  greater  complexity  and  size  of  beneficiation  and  advanced 
processing  plants  also  increased  land  requirements,  and  the  more  widespread  use  of 
large-scale  surface  mining  techniques  involved  the  disturbance  of  ever  greater  surface  land 
areas.  As  the  productivity  of  labor  increased,  the  relative  productivity  of  the  land  decreased. 
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D.  CHANGES  IN  MINERAL  PRODUCTION  SINCE  1947 
1.  Changes  in  Mineral  Output 

Since  the  end  of  World  War  II  the  productivity  of  labor  in  the  minerals  industry  of  the 
United  States  lias  climbed  dramatically.  At  the  same  time,  the  productivity  of  the  land  (in 
terms  of  real  value  produced  per  acre  devoted  to  mineral  uses)  has  declined.  The 
productivity  of  land  that  had  been  occupied  in  less  productive  uses,  but  which  was 
converted  to  mining,  however,  increased.  The  effects  on  land  and  labor  have  been  the  result 
ot  many  changes  that  have  continued  to  take  place  in  the  mineral  industries  since  1947. 

The  output  of  most  mineral  commodities  in  the  United  States  has  increased 
substantially  since  the  late  1940’s.  For  some,  such  as  uranium,  the  growth  has  been 
phenomenal.  For  most,  it  has  been  much  less  dramatic.  For  others,  there  have  been  declines 
as  demand  dropped  or  foreign  sources  of  supply  became  dominant.  Figures  43  through  56 
demonstrate  the  changes  that  have  taken  place  in  the  volume  of  domestic  mineral  output. 

m6  t0tal  outputs  of  different  mineral  commodities  have  changed  since  the  end  of 
World  War  II,  so  also  have  the  tonnages  of  material  mined  in  order  to  provide  those 
commodities.  The  total  volume  of  material  handled  in  mining  operations  in  the  United 
States  as  shown  in  Figure  57,  has  grown  especially  in  the  past  decade,  as  changing 

technology  as  well  as  changing  economic  conditions  have  led  to  the  greater  utilization  of 
lower-grade  materials. 


2.  Changes  in  Mining  Methods 

Technology  and  economics  have  also  influenced  the  changes  that  have  taken  place  in  the 
utilization  of  different  mining  methods.  Ore  production  from  underground  mines  in  the 
United  States  more  than  doubled  from  1947  to  1968.  This  substantial  increase  can  be 
attributed  to  growth  at  a  relatively  few  mines,  since  the  number  of  producing  mines 
decreased  noticeably  during  this  period. 

All  technologic  trends  in  the  mining  industry  (and  trends  in  mining  methods  are  only 
one  example)  reflect  the  industry’s  attempt  to  remain  competitive  by  counteracting  the 
ever-increasing  unit  costs  of  labor  with  greater  productivity.  Choices  of  mining  methods  and 
equipment  made  since  World  War  II  have,  therefore,  been  overwhelmingly  in  favor  of  higher 
productivity,  resulting  in  lower  operating  costs.  In  Table  31  are  listed  many  of  the  main 

Voccr?o°cUmd  nlinling  methods  al°ng  with  their  average  mining  costs  (in  the  period 
1955-1959),  and  the  labor  content  of  these  costs. 

A  very  distinct  trend  away  from  the  high  cost,  supported-stope  methods  toward  the 
ower-cost  open  stope  and  caving  methods  has  been  evident  since  the  1940’s.  The 
room-and-pillar  and  stope-and-pillar  methods  have  gained  great  popularity  in  the  Western 
United  States  during  this  period,  particularly  in  potash,  trona,  and  uranium  mining.  Other 
lower-cost  methods  have  also  become  important.  Two  enormous  block  caving  mines,  the 
Magma  Copper  Company’s  San  Manuel  mine  in  Arizona  and  the  Climax  Molybdenum 
ompany  s  mine  at  Climax,  Colorado,  accounted  for  more  than  40  percent  of  the  nation’s 
total  underground  ore  production  in  1966.  Block  caving  is  not  a  new  mining  method, 
However,  as  many  ot  today’s  large  open  pit  copper  mines  were  block  caving  operations  at 
some  time  in  their  history.  In  fact,  during  the  1947  to  1968  period,  the  relative  importance 
ot  caving  methods  in  the  total  of  mine  output  actually  declined  because  of  the  conversion  of 
several  block  caving  operations  to  open  pit  mines. 

While  some  ot  the  higher-cost  mining  methods  (e.g.,  top-slicing  and  shrinkage  stoping) 
are  rarely  used  today,  others  (e.g.,  sublevel  caving  and  cut-and-fill)  have  been  revived  by  the 
application  of  new  equipment  and  technology  resulting  in  lower  costs  and  higher 
productivity.  The  highest-cost  underground  mining  method,  square  setting,  has  declined 
predictably  in  usage,  but  still  is  and  will  continue  to  be  employed  in  weak  but  high-grade  ore 
that  cannot  be  mined  profitably  with  any  other  method. 
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Fig.  43  -  Precious  metals  production  in  the  United  States  since  1947. 
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Fig.  44  -  Nonferrous  base  metals  production  in  the  United  States  since  1947. 
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Fig.  47  Production  of  tungsten  in  the  United  States  since  1947. 
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Fig.  48  -Production  of  nickel  in  the  United  States  since  1947. 
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Fig.  49 -Uranium  production  in  the  United  States  since  output  data  have  been  available  in  the  1950's. 
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Fig.  51  -Potash  production  in  the  United  States  since  1947. 
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Fig.  52  -  Mine  output  of  soda  ash  and  sodium  sulfate  in  the  United  States  since  1947. 
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Fig.  53  -  Limestone  production  in  the  United  States  since  1947. 
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Fig.  54  -  Production  of  asbestos  fiber  in  the  United  States  since  1947. 
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Fig.  56  -  Sulfur  production  from  domestic  sources  since  1947. 
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Table  31 


DIRECT  OPERATING  COSTS  FOR  VARIOUS  MINING  METHODS 

1955-59 


Mining  Method 

Tons  Mined 

Direct  Mining  Cost/tons3 

Labor  Cost 
(percent  of 

Per  Month 

High 

Low 

Average 

total) 

Square  setting 

439,330 

$18.72 

$6.22 

$10.20 

71 

Cut-and-fill  stoping 

585,300 

14.73 

3.07 

6.69 

57 

Shrinkage  stoping 

305,820 

8.12 

1.75 

3.92 

NA 

Room-and-pillar 
(trackless  type) 

733,229 

2.41 

1.16 

2.05 

44 

Sub-level  stoping 

1,547,410 

4.71 

1.06 

2.37 

57 

Sub-level  caving 

118,150 

NA 

NA 

4.97 

63 

Block  caving 

1,803,150 

2.25 

1.15 

1.41 

54 

Open  pit 

5,1 98,060b 

1.15 

0.21 

0.32 

36 

includes  exploration  and  development,  stoping,  haulage,  hoisting,  pumping,  and  general 
underground  and  surface  costs. 

bCost  is  per  ton  of  “material”  and  is  based  on  total  tons  of  both  ore  and  waste  handled. 

NA  Not  available. 


Source  of  data:  S.  D.  Woodruff,  “Economic  Valuation  of  Proposed  Mining  Ventures,  Part 
II,  Mine  Development  and  Operating  Costs,”  Mining  Congress  Journal, 
November,  1 959,  pp.  45-5 1 . 


In  general,  the  trend  in  the  use  of  underground  mining  methods  since  1947  has  been 
toward  those  methods  that  are  best  able  to  benefit  from  recent  developments  in  cost 
cutting  equipment  and  other  technology,  even  though  these  methods  may  mean  much 
greater  capital  investment.  While  the  tonnage  mined  has  increased  for  each  of  the  three 
major  categories  of  underground  mining  methods,  only  the  natural  support  methods  have 
increased  their  share  ot  the  total.  In  the  past  20  years,  the  artificial  support  methods  have 
lost  tavor  as  they  usually  have  not  been  able  to  benefit  from  the  newer,  larger, 
higher-productivity  mining  equipment  developed  in  recent  years.  The  open  stope  methods 
have  become  much  more  popular  because  they  can  utilize  more  fully  the  newly  developed 
equipment,  and  because  many  new  mines  have  been  opened  in  horizontal,  stratified  deposits 
where  the  room-and-pillar  and  stope-and-pillar  methods  are  most  economical.  The  growing 
importance  of  industrial  minerals  for  the  construction  industry,  agriculture,  and  as  chemical 
raw  materials  has  been  a  significant  factor  in  the  trend. 

Block  caving,  virtually  the  only  caving  method  used  in  western  mines,  competes  most 
directly  with  open  pit  mining  but  has  generally  lost  ground  here  in  recent  years.  Surface 
mining  does  have  a  depth  limitation,  however,  where  the  ore  recovered  can  no  longer  pay 
tor  the  vast  amount  of  waste  overburden  that  must  be  removed  to  uncover  the  ore.  It  is  a 
distinct  possibility  that  at  some  future  date  the  economic  pendulum  will  again  swing  back  in 
tavor  of  block  caving,  if  some  even  cheaper  method  of  underground  mining  is  not 
developed.  In-situ  leaching  or  solution  mining  may  be  in  that  category. 
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Fig.  57-  Total  volume  of  materia!  handled  by  both  underground  and  surface  mines  in  the  United  States. 


440 


3.  Changes  in  Underground  Operations 

Equipment  trends  in  underground  mining  since  1947  have  been  similar  to  surface  mining 
equipment  trends.  In  general,  the  objective  of  mining  equipment  developers  has  been  to 
minimize  the  labor  content  of  the  various  mining  tasks.  This  has  been  achieved  by  building 
larger,  taster,  more  mobile,  more  complex,  and  inevitably  more  expensive  machinery.  While 
the  growth  in  size  of  surface  mining  equipment  has  indeed  been  startling,  underground 
equipment  has  experienced  a  similar,  but  less  visible  growth. 

The  clearest  trend  in  underground  blast  hole  drilling  has  been  toward  the  use  of  larger, 
heavier,  and  faster  drilling  machines,  which  in  turn  has  required  mobile  mountings  for  the 
drills.  The  use  of  column-mounted  drifters  and  stopers  has  declined  significantly  in  the 
United  States  with  the  availability  of  higher  output  jumbos  (vehicle-mounted  machines). 
Following  another  trend  in  underground  mining,  the  drill  jumbos  are  now  generally 
rubber-tired  for  greater  mobility,  and  many  are  diesel-powered,  again  improving  mobility. 

No  real  breakthrough  in  percussion  drills  has  occurred  since  1947,  but  drilling  speed  has 
been  increased  mainly  by  using  heavier,  larger-bore  machines.  More  powerful  drills,  larger 
feed  motors,  and  rock  bits  with  reconditionable  tungsten  carbide  inserts  have  also  made 
percussion  drills  economical  for  long  hole  work,  formerly  the  domain  of  diamond  drilling. 


Fig.  58-  The  development  of  larger ,  faster,  more  mobile,  and  more  automatic  drilling  equipment  has 
been  a  significant  factor  in  the  changes  that  have  taken  place  in  both  underground  and  open  pit  mining  since 
1947.  The  above  machine  is  used  for  secondary  drilling  in  a  large  open  pit  operation. 
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I  ungsten  carbide-tipped  percussion  rock  bits  have  probably  been  the  most  important 
innovation  in  underground  mining  equipment  in  recent  years.  Extremely  hard,  tungsten 
carbide  has  greatly  increased  bit  life  over  the  all-steel  bits  formerly  used,  thereby  offering 
faster  drilling  speed,  and  greatly  reducing  lost  time  while  bits  are  changed. 

Although  the  trend  has  been  less  decisive  in  underground  blasting  than  in  surface 
mining,  fertilizer-grade  ammonium  nitrate  and  fuel  oil  blasting  agents  have  also  become 
popular  for  underground  use  at  the  expense  of  the  high  explosive  dynamites.  The 
penetration  of  the  underground  mining  market  by  the  “fertilizer”  blasting  agents  has  been 
less  complete  than  in  surface  mining,  maiply  because  wet  holes  are  more  frequently 
encountered  underground,  and  moisture  destroys  the  sensitivity  of  most  such  materials. 
Other  problems  have  also  been  encountered  at  particular  mines. 

Smooth  wall  blasting  techniques  have  generated  a  great  deal  of  interest  in  the  past  few 
years,  and  many  mines  employ  one  of  these  techniques  to  reduce  overbreak  in  development 
openings.  As  a  group,  these  techniques  generally  involve  drilling  closely-spaced  holes  which 
are  subsequently  loaded  lightly  with  explosives.  When  detonated  in  the  proper  firing 
sequence,  these  holes  produce  a  smooth  wall,  where  the  rock  has  failed  between  the 

closely-spaced  holes,  but  overbreak,  or  excessive  fracturing  of  the  final  wall  and  back  is 
minimized. 

Loading  underground  in  steeply  dipping  or  massive  ore  deposits  is  normally  a  simple 
gravity  process  where  ore  is  drawn  from  chutes  into  ore  cars.  Little  can  be  done  to  reduce 
the  cost  of  gravity,  and  as  a  result,  only  slight  innovations  have  been  made  since  1947  in  this 
operation.  In  horizontal,  tabular  deposits,  however,  a  preference  has  been  shown  for 
rubber-tired,  diesel-powered  loading  machines  for  maximum  mobility.  Usually  only  the  size 
ot  the  mine  openings  restricts  the  size  of  the  loader  used,  and  both  have  been  growing  larger 
in  recent  years.  Conventional  front-end  loaders  and  even  swing  shovels  have  become 
common  underground. 

For  in-stope  haulage  and  for  short  distance  primary  haulage,  the  load-haul-dump 
machines  have  become  very  popular.  These  rubber-tired  vehicles  are  operated  by  one  man, 
are  self-loaded,  can  haul  at  speeds  up  to  20  mph,  and  are  self-dumping.  They  eliminate  the 
need  tor  separate  operators  for  loading  and  hauling  units.  Nevertheless,  rail  haulage  is  still 
the  most  common  method  used  in  underground  mining,  although  underground  truck 
haulage  has  made  some  advances.  Again,  the  flexibility  and  mobility  offered  by  rubber-tired 
vehicles  has  proven  advantageous. 

As  in  the  mobile  equipment  used  in  the  other  unit  operations,  diesel  power  has  become 
increasingly  popular  for  underground  haulage  units  also,  both  in  locomotives  and  in 
rubber-tired  vehicles.  Again,  increased  mobility  has  been  the  key  factor. 

In  the  “soft”  rock  mining  of  horizontal,  tabular  deposits,  there  has  been  a  decided  trend 
since  World  War  11  toward  continuous  mining  and  away  from  the  conventional  drill  and 
blast  operations.  Continuous  mining  has  become  extensively  employed  in  the  enormous 
New  Mexico  potash  and  Wyoming  trona  deposits.  The  continuous  breaking  of  hard  rock  has 
evolved  much  more  recently  with  development  of  the  big  hole  boring  techniques.  Shaft 
boring  has  been  used  successfully  for  driving  vertical  shafts  to  moderate  depths  in  fairly 
homogenous  rock.  Oil  field  rotary-drilling  methods  are  employed  extensively,  the  major 
ditterence  being  the  size  ol  the  bit  used.  Six-foot  diameter  shafts  have  been  bored 
commercially  to  nearly  3,000  feet,  and  much  greater  diameters  have  been  achieved  in  the 
federal  government  s  underground  nuclear  testing  program. 

Raise  boring  has  been  used  more  extensively  than  the  other  boring  techniques  in  metal 
and  nonmetallic  mining.  £aise  boring  consists  of  drilling  a  relatively  small  (less  than  one 
loot  in  diameter)  pilot  hole,  usually  with  conventional  rotary  methods,  and  reaming  the 
hole  to  the  desired  size  by  working  back  in  the  opposite  direction.  Drill  down  and  ream  up 
is  the  usual  cycle,  but  the  opposite  is  used  occasionally  under  unusual  conditions. 

Tunnel  boring  is  performed  with  monstrous  boring  machines  often  called  moles.  These 
huge  machines  develop  their  own  thrust  and  rotation,  and  load  the  broken  rock  into  haulage 
conveyances  at  the  rear  of  the  machine.  Moles  have  become  capable  of  producing 
economical  unit  costs  in  all  but  the  hardest  or  most  complex  formations.  Boring  machines 
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suffer  from  a  lack  of  flexibility  when  applied  to  mining,  however,  as  the  machines  are  very 
cumbersome,  cannot  negotiate  sharp  corners,  and  are  very  expensive.  However,  because  of 
their  excavating  speed  and  high  productivity,  boring  machines  will  probably  continue  to 
make  inroads  in  underground  mining  development. 

Other  advances  m  the  technology  of  mining  have  been  made  since  World  War  11. 
Through  geomechanics  (the  study  of  the  response  of  rock  to  applied  stress)  the 
determination  of  inherent  rock  stresses  and  geologic  structures  has  aided  mine  operators  in 
several  ways.  Optimum  pillar  sizes  and  shapes  have  been  determined,  rock  bolt  patterns 
designed,  and  pillar  failures  and  rock  bursts  predicted  quite  closely.  Measurements  have 
indicated  areas  of  high  stress  in  caving  operations,  thereby  causing  mining  procedures  to  be 
changed.  In  other  mines,  knowledge  of  the  existing  stress  field  in  the  rock  enables  mine 
operators  to  orient  mine  workings  to  take  best  advantage  of  these  stresses  and  greatly 
improve  mine  efficiency  and  safety. 


4.  Changes  in  Surface  Mining  Operations 

There  is  a  strong  financial  incentive  for  open  pit  mine  operators  to  maximize  the 
steepness  of  pit  slopes.  By  doing  so,  costly  waste  stripping  is  minimized  for  the  extraction  of 
a  given  amount  of  ore.  Applied  geomechanics  has  aided  in  achieving  this  optimum  by 
predicting  maximum  safe  slope  angles  based  on  rock  strength,  inherent  geologic  structures, 
and  ground  water  conditions. 

Slope  stability  research  has  been  successfully  applied  in  two  areas.  First  is  the 
recognition  that  the  optimum  pit  slope  is  not  constant,  but  variable  for  different  areas  in 
any  pit.  This  had  improved  upon  the  widely  used  empirical  approach  where  all  pit  slopes 
were  designed  according  to  the  characteristics  of  the  weakest  area  of  the  pit.  Second,  the 
importance  of  slope  monitoring  has  been  demonstrated.  Both  displacement  measurement 
and  micro-seismic  recording  have  been  used  to  forecast  slide  activity  in  mines,  thereby 
minimizing  danger  to  personnel  and  disruption  of  mining  activity.  The  work' has  also 
encouraged  the  optimum  use  of  surface  land  area. 

Since  1947,  there  have  been  a  number  of  other  significant  economic  and  technologic 
trends  in  surface  mining.  These  have  resulted  in  increased  production,  a  change  in  emphasis 
from  underground  to  surface  mining,  and  with  few  exceptions,  an  increase  in  the 
productivity  of  mining  labor.  Increased  output  has  also  been  the  result  of  a  growing  demand 
for  more  mineral  commodities  induced  by  an  increase  in  population  and  higher  per  capita 
consumption.  Mineral  productivity  has  increased  even  in  the  face  of  the  declining  grade  and 
quality  of  ores  mined,  which  is  indicative  of  the  rapid  technological  improvement  that  has 
taken  place  in  surface  mining.  These  changes  have  permitted  production  from  many 
tormerly  uneconomic  mineral  resources  occurring  near  the  surface  at  a  time  when  the 
existence  of  higher-grade  ores  has  become  inadequate  to  meet  increasing  demand. 

The  general  improvement  in  the  productivity  of  surface  mining  since  World  War  II  can 
be  attributed  to  several  major  innovations.  Among  the  more  significant  have  been  the 
introduction  of  fertilizer-grade  ammonium  nitrate-fuel  oil  explosives,  rotary  drilling,  a  large 
truck  haulage,  and  the  greater  capacities  ol  both  trucks  and  excavating  equipment. 

Immediately  alter  World  War  II,  the  use  of  churn  drills  predominated  in  primary 
blasthole  drilling  in  surface  mining.  Hammer  drills,  usually  mounted  on  tripods  or  as  wagon 
drills,  were  used  for  shallower  secondary'  drilling.  Chum  drill  holes,  ranging  from  six  to  nine 
inches  in  diameter,  were  drilled  from  30  to  90  feet  in  depth  at  a  rate  of  15  to  80  feet  per 
shift,  depending  upon  the  hardness  of  the  rock.  Blastholes  up  to  12  inches  in  diameter  were 
drilled  lor  breaking  overburden  at  some  coal  strip  mines.  Since  then,  other  methods  have 
largely  replaced  churn  drilling.  Where  blasting  is  now  required  for  breaking  rock  in  surface 
mines,  blastholes  are  drilled  by  mobile  rotary,  percussion,  down-the-hole  percussion  drills, 
or  jet  piercing.  Rotary  drilling  has  become  dominant  in  coal  stripping  and  copper  mining 
while  jet  piercing  has  been  adopted  in  iron  mining.  With  rotary  drills,  holes  are  bored  up  to 
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1 5  inches  in  diameter  at  a  rate  about  five  times  faster  than  that  of  churn  drills,  with  a  third 
to  a  fourth  of  the  operating  labor. 

The  fertilizer-grade  ammonium  nitrate  blasting  process  was  patented  in  March,  1955,  by 
the  Maumee  Collieries  Company,  Terre  Haute,  Indiana.  Since  then,  ammonium  nitrate-fuel 
oil  mixtures  have  virtually  replaced  all  other  blasting  agents  for  surface  mining.  The  first 
saving  was  in  the  price  difference  between  dynamite  and  ammonium  nitrate  fertilizer.  At 
present,  the  price  of  the  fertilizer  is  less  than  a  third  that  of  dynamite.  Metallized, 
ammonium  nitrate  slurries  (which  have  been  developed  more  recently)  are  more  efficient  in 
harder  rocks  and  under  wet  conditions,  and  cost  about  two-thirds  the  price  of 
dynamites.123 

The  full-revolving,  crawler-mounted,  electrically-powered  shovel  was  in  extensive  use  in 
surface  mining  prior  to  World  War  II,  and  is  still  the  principal  excavator  used  in  open  pit 
mining.  In  prewar  years,  power  shovel  dippers  had  reached  a  capacity  of  four  to  five  cubic 
yards  for  excavating  iron  and  copper  ore  and  up  to  33  cubic  yards  for  coal  stripping.  The 
smaller  shovels  could  load  at  a  rate  of  500  to  1,000  tons  per  shift  with  a  two-  or  three-man 
crew. 

Since  1947,  in  addition  to  larger  power  shovels,  bigger  draglines,  scraper-loaders,  and 
wheeled  excavators  have  been  developed  for  special  conditions.  Draglines  now  are  used  in 
stripping  when  overburden  is  relatively  unconsolidated  and  where  comparatively  greater 
casting  range  is  required.  Wheel  excavators,  used  extensively  in  Europe,  have  been 
introduced  into  the  United  States  for  excavating  under  conditions  similar  to  those 
encountered  in  dragline  excavation.  The  most  significant  change  in  power  shovels  has  been 
the  increase  in  size,  bucket  capacity,  and  dumping  range.  In  metal  mining,  the  number  of 
shovels  with  a  range  of  from  12  to  15  cubic  yard  bucket  capacities  has  increased.  In 
coal-stripping,  shovel  size  and  capacity  fiave  grown  even  more  rapidly.  Maximum  bucket 
capacity  for  such  machines  increased  from  60  to  70  cubic  yards  in  the  1940’s  to  1 15  cubic 
yards  by  1959.  A  shovel  with  a  180  cubic  yard  dipper  capacity  began  stripping  coal  in 
Illinois  in  1965.  Still  larger  machines  are  planned;  The  bucket  size  of  dragline  excavators  has 
reached  85  cubic  yards. 

Scraper  loaders  have  become  extensively  used  for  stripping  overburden  where  mineral 
deposits  are  small,  the  subsurface  interface  between  waste  and  ore  is  irregular,  and 
overburden  is  unconsolidated  or  soft.  Much  of  the  overburden  over  uranium  and  copper  ores 
and  phosphate  rock  is  now  stripped  with  these  machines. 

At  the  end  of  World  War  II,  most  haulage  of  ore  and  waste  from  large  open  pit  copper 
and  iron  mines  was  by  rail  haulage,  which  even  then  was  in  a  stage  of  transition  from  steam 
to  electric  locomotives.  The  acceptance  of  electrification  was  slow  because  of  the  problems 
involved  in  moving  the  necessary  trolley  wire  electrical  distribution  system.  The  size  of 
steam  locomotives  then  in  use  at  open  pit  copper  mines  ranged  from  55  to  90  tons  and  size 
of  electric  locomotives  was  about  75  tons.  Ore  cars  had  capacities  of  90  to  100  tons.  About 
a  dozen  open  pit  iron  mines  were  wholly  or  partially  electrified,  with  locomotives  ranging  in 
size  from  ten  to  75  tons. 

Since  1947,  most  material  from  surface  mining  has  been  hauled  by  rail  with  electric  or 
diesel-electric  locomotives.  Although  a  minor  amount  of  material  was  moved  by  trucks  even 
before  that  time,  it  was  not  until  the  mid-1950’s  that  the  trend  to  truck  haulage  was 
accelerated.  Virtually  all  surface  mines  opened  within  the  last  decade  have  adopted  truck 
haulage,  and  less  than  a  dozen  older  mines  continue  to  use  rail  haulage  from  pits  for  some 
part  ot  their  transportation  system,  and  then  only  where  haul  distances  are  longer  than  a 
few  miles. 

As  the  use  of  trucks  has  grown,  so  also  has  the  size  of  those  trucks.  From  the  35-ton 
vehicles  common  in  the  early  1950’s,  the  capacity  of  the  average  open  pit  haulage  truck  has 
grown  to  nearly  100  tons,  and  even  200-ton  capacity  trucks  are  now  in  use  at  some 
operations.  A  haulage  unit  of  240  tons  capacity  is  being  used  for  surface  coal  mining  in 
Illinois. 

Other  means  of  open  pit  ore  and  waste  haulage  have  also  been  developed  over  the  past 
20  years,  and  some  have  seen  extensive  use  in  both  underground  and  surface  mines.  The 


444 


Fig.  59 -Since  1947,  there  has  been  a  strong  trend  toward  the  use  of  larger  equipment  in  materials 
handling  in  both  underground  and  surface  mines.  The  introduction  of  very  large  trucks  has  all  but 
eliminated  the  use  of  railroad  haulage  in  surface  mining,  except  in  the  very  large  open  pit  operations  such  as 
in  this  one  at  Morenci,  Arizona. 


conveyor  belt  is  one  of  these  that  has  gone  from  common  usage  in  beneficiating  plants  to 
use  in  mining  operations  as  well.  By  far  the  greatest  use  has  been  in  underground  haulage  in 
conjunction  with  room-and-pillar  methods  in  horizontal  bedded  deposits.  In  open  pit 
operations,  belt  conveyors  have  been  and  are  being  installed  primarily  to  convey  stripped 
waste  material  to  dumps. 

A  chiefly  underground  device  has  also  been  adapted  to  open  pit  mining  within  the  last 
two  decades.  Inclined  skip  hoisting  has  been  attempted  at  a  few  smaller,  deep,  relatively 
compact  open  pit  mines,  but  its  use  has  been  limited. 

5.  Commodities  and  Changing  Mining  Methods 

The  numerous  changes  that  have  taken  place  in  mining  technology  since  1947  have  not 
been  uniformly  applicable  in  the  production  of  all  commodities.  Nevertheless,  the  use  of 
surface  mining  methods  has  become  more  and  more  prevalent  in  most  segments  of  the 
mining  industry  of  the  United  States.  Although  there  have  been  some  differences  according 
to  commodities,  these  differences  (except  in  a  few  cases)  are  slight. 

The  proportion  of  gold  ore  mined  in  the  United  States  by  surface  methods  climbed 
gradually  from  about  20  percent  in  1947  to  a  high  of  about  28  percent  during  the  three  year 
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period  from  1961  to  1963,  then  dropped  to  24  percent  in  1964.  With  the  development  of 
new  deposits  in  North-Central  Nevada,  however,  the  surface  mining  of  gold  became  much 
more  important,  and  in  1965  the  percentage  of  gold  ore  produced  from  mines  using  surface 
methods  climbed  to  40  percent  of  total  domestic  output.  Previous  to  the  development  of 
the  deposit  at  Carlin,  Nevada,  most  of  the  gold  produced  in  the  United  States  by  surface 
mining  methods  had  been  produced  as  a  by-product  in  the  mining  of  copper  and  other  base 
metal  ores.  The  increase  in  1965  was  attributable  primarily  to  the  new  mines  in  Nevada 
which  produce  gold  from  disseminated  deposits  at  or  near  the  surface  and  which  are  mined 
specifically  for  their  gold  content.  In  1966  the  percentage  of  gold  produced  from  surface 
mining  methods  in  the  United  States  climbed  to  44  percent.  In  1967  there  was  a  slight 
decline,  but  the  trend  appeared  to  be  continuing  upward. 

Since  1947,  there  has  not  been  such  a  dramatic  shift  in  the  mining  of  base  metals  from 
surface  deposits  as  has  occurred  in  gold  mining.  From  1947  to  1952,  the  percentage  of 
copper  mined  by  surface  methods  in  the  United  States  climbed  steadily  from  about  73 
percent  in  1947  to  approximately  85  percent  in  1952.  Thereafter,  new  developments  in 
large-scale  underground  mining  caused  the  percentage  of  copper  ore  produced  from  surface 
mines  to  decline  to  about  76  percent  in  1958.  Two  mines,  the  White  Pine  copper  project  in 
Michigan  and  the  San  Manuel  Mine  in  Arizona,  both  using  large-scale  but  distinct 
underground  mining  methods  (block  caving  at  San  Manuel,  room-and-pillar  at  White  Pine), 
accounted  for  most  of  this  decrease  in  the  relative  importance  of  surface  mining  methods. 
Since  1958,  however,  the  importance  of  surface  mining  methods  in  copper  production  in 
the  United  States  has  risen.  In  1967,  more  than  85  percent  of  the  copper  mined  in  the 
United  States  came  from  surface  operations. 

The  amount  of  silver  mined  in  the  United  States  by  surface  methods  has  climbed  rather 
steadily  since  1947,  except  for  a  rather  sharp  increase  in  1960.  This  was  due  in  large  part  to 
major  expansions  at  surface  mines  which  produce  silver  as  a  by-product,  however.  In  1947, 
approximately  1 1  percent  of  the  silver  mined  in  the  United  States  was  mined  by  surface 
mining  methods.  This  climbed  only  gradually  until  1959,  when  a  sharp  increase  sent  the 
total  up  to  1  7  percent  of  total  domestic  production.  Since  that  time,  the  total  has  declined 
to  1  5  percent  (in  1  963),  climbed  again  to  a  high  of  1 9  percent  (in  both  1 965  and  1 966),  and 
then  dropped  again  to  16  percent  (in  1967).  Although  there  have  been  such  sporadic  ups 
and  downs  in  recent  years  in  the  percent  of  silver  ore  mined  by  surface  mining  methods,  the 
trend  followed  has  been  rather  persistently  upward. 

The  percent  of  iron  ore  produced  in  the  United  States  by  surface  mining  methods, 
already  high  at  the  close  of  World  War  II,  has  climbed  consistently  since  then.  In  1947, 
approximately  75  percent  of  the  iron  ore  produced  in  the  United  States  was  mined  by 
surface  methods.  This  proportion  rose  steadily  to  1963,  when  a  high  of  94  percent  was 
reached.  The  same  percentage  was  achieved  in  the  following  year,  but  since  then  has  fallen 
off  to  a  little  more  than  90  percent.  With  nine  out  of  every  ten  tons  of  iron  ore  produced  in 
the  United  States  already  coming  from  surface  mines,  it  may  be  that  a  temporary  ceiling  in 
the  importance  of  surface  mines  may  have  been  reached. 

Uranium  mining  in  the  United  Staes  has  seen  a  pattern  for  surface  mining  methods 
somewhat  different  from  those  of  the  other  nonfuel  minerals.  In  1948  and  1949,  very  little 
of  the  uranium  ore  produced  in  the  United  States  was  mined  by  surface  methods.  In  fact, 
between  98  and  99  percent  came  from  underground  mines. 

In  1950,  however,  the  importance  of  surface  mining  methods  began  to  increase.  In  that 
year,  a  little  more  than  one  out  of  every  ten  tons  of  uranium  ore  mined  domestically  came 
from  surface  mining  operations.  This  ratio  climbed  steadily  to  about  one  in  four  tons  in 
1954,  then  dropped  somewhat  to  less  than  one  in  five  tons  in  1955.  In  the  late  1950’s, 
however,  the  proportion  of  the  nation’s  uranium  ore  mined  by  surface  methods  rose  rather 
sharply  to  almost  40  percent  until  1958,  when  the  share  accounted  for  by  open  pit  mines 
again  dropped  to  about  25  percent.  Over  the  past  ten  years  the  percentage  of  uranium  ore 
mined  by  surface  methods  has  increased  gradually  along  a  rising  trend  to  about  30  percent. 

Fven  in  the  past  two  decades,  when  the  growth  of  open  pit  mining  has  been  substantial 
among  most  nonfuel  minerals,  the  mining  of  mercury  has  remained  essentially  an 
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Fig.  60  -  Gold  ore  mined  by  surface  methods  in  the  United  States. 
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Fig.  61  -  Copper  ore  mined  by  surface  methods  in  the  United  States. 


449 


450 


PERCENT 


underground  venture.  Since  1947,  the  percent  of  mercury  ore  mined  in  the  United  States  by 
surface  methods  has  undergone  a  rather  erratic  pattern  but  has  remained  relatively  small. 

In  1947,  approximately  nine  percent  of  the  nation’s  total  mercury  production  came 
from  surface  mines.  This  increased  shortly  thereafter  to  1 1  percent,  then  dropped  to  zero  in 
both  1949  and  1950.  With  the  advent  of  the  Korean  War,  the  percentage  of  mercury 
produced  from  surface  mines  again  began  to  increase,  rising  to  a  high  of  seven  percent,  but 
dropping  again  to  only  three  percent  in  1956.  In  1957,  however,  new  developments  in  the 
industry  sent  the  percentage  of  surface  mined  mercury  ore  up  sharply  (to  20  percent), 
followed  by  a  rise  in  1958  to  26  percent.  Since  then,  there  has  been  a  rather  erratic  decline 
to  20  percent  in  1 967. 

Unlike  mercury,  at  the  present  time  (and  over  the  past  20  years)  virtually  all  of  the 
phosphate  rock  mined  in  the  United  States  is  mined  by  surface  methods.  In  1947,  98 
percent  of  the  nation’s  phosphate  rock  was  produced  from  surface  mines.  This  proportion 
held  constant  until  1961,  when  it  rose  to  99  percent.  Since  that  time,  the  share  of 
phosphate  production  accounted  for  by  surface  methods  has  held  relatively  steady  at  99 
percent. 

The  proportion  of  potash  mined  in  the  United  States  by  surface  methods  has  been  just 
the  complement  of  the  phosphate  rock  share.  In  1947,  approximately  84  percent  of  the 
potash  mined  in  the  United  States  came  from  underground  mines  rather  than  surface 
operations.  This  dropped  slightly  to  83  percent  in  1949,  and  this  has  been  the  low  figure  for 
the  entire  20  year  period  since  World  War  II.  During  the  Korean  War  and  subsequently,  the 
percentage  of  potash  coming  from  underground  operations  climbed,  reaching  a  high  of 
about  92  percent  in  1955.  The  proportion  coming  from  underground  mines  then  remained 
rather  steady,  climbing  to  almost  93  percent  in  1961  and  then  dropping  to  90  percent  in 

1962.  Since  1964,  however,  there  has  been  a  slight  but  steady  decline  in  the  percentage  of 
potash  coming  from  traditional  underground  operations,  largely  because  of  the  increasing 
significance  of  solution  mining.  By  1967,  the  percent  of  potash  coming  from  normal 
underground  operations  had  dropped  to  less  than  88  percent  of  total  domestic  production. 

Most  of  the  sulfur  mined  in  the  United  States  is  mined  by  the  Frasch  process,  a  process 
which  is  neither  surface  nor  traditional  underground  but  more  akin  to  the  methods  classified 
as  solution  mining.  In  the  earliest  year  since  World  War  II  for  which  figures  are  readily 
available  (1950),  approximately  87  percent  of  the  sulfur  mined  in  the  United  States  was 
produced  by  the  Frasch  process.  This  process  essentially  involves  the  dissolving  of  native 
sulfur  from  its  host  rock  with  superheated  steam  and  pumping  it  to  the  surface  where  it  is 
solidified  and  refined.  Although  the  sulfur  is  not  really  dissolved  in  the  Frasch  process,  but 
is  melted  and  pumped  out  as  a  fluid,  the  entire  process  is  much  more  closely  related  to 
solution  mining  than  to  any  presently  useable  underground  or  surface  mining  method. 

From  1950  on,  the  percent  of  sulfur  produced  in  the  United  States  by  the  Frasch 
process  declined  rather  steadily  until  1963,  when  less  than  74  percent  of  the  nation’s 
domestic  sulfur  production  came  from  such  operations.  The  remaining  26  percent  was 
produced  largely  as  a  by-product  in  the  mining  of  other  commodities  (both  by  surface  and 
normal  underground  methods),  from  manufacturing  processes  such  as  those  that  extract 
sultur  from  stack  gasses,  and  as  a  by-product  in  petroleum  and  natural  gas  operations.  Since 

1963,  however,  the  percentage  of  sulfur  produced  in  the  United  States  from  Frasch  process 
operation  has  again  begun  to  climb,  reaching  nearly  77  percent  in  1967. 

Unlike  sulfur,  rock  salt  (sodium  chloride)  has  traditionally  been  mined  in  the  United 
States  by  a  variety  of  methods.  Virtually  none,  however,  has  been  produced  by  standard 
surface  mining  methods.  Most  surface  production  of  salt  comes  from  the  evaporation  of 
highly  saline  waters  either  in  the  ocean  and  the  Great  Salt  Lake  or  from  brines  which  are 
pumped  from  the  earth  by  standard  solution  mining  techniques. 

In  1947,  nearly  one-fourth  of  the  natural  sodium  chloride  produced  in  the  United  States 
came  from  underground  mines.  This  proportion  held  relatively  constant  until  1957.  Since 
then,  there  has  been  a  rather  steady  increase  in  the  proportion  of  salt  produced  from 
underground  mining  operations. 
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Fig.  64  -  Uranium  ore  mined  by  surface  methods  in  the  United  States. 
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Fig.  65  -  Mercury  ore  mined  by  surface  methods  in  the  United  States. 
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Fig.  66-  Phosphate  rock  mined  by  surface  methods  in  the  United  States. 
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Fig.  67  -  Potash  mined  by  underground  methods  in  the  United  States. 
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In  1967,  a  high  of  almost  30  percent  of  total  domestic  production  from  underground 
operations  was  reached.  This  increase  apparently  came  about  largely  as  a  result  of  large 
increases  in  the  demand  for  sodium  chloride  in  industrial  chemical  processes  and  for  greater 
amounts  of  sodium  metal  in  ever-changing  modern  technology.  With  the  production  of  salt 
from  brine  deposits,  from  sea  water,  and  from  the  Great  Salt  Lake  limited  by  the  extent  of 
brine  deposits  and  the  large  space  requirements  involved  in  producing  salt  by  evaporation 
from  salt  water,  the  operations  most  able  to  expand  rapidly  and  meet  the  increased  demand 
were  the  already  established  underground  mining  operations. 

6.  Changes  in  Beneficiation  Operations 

Changes  have  also  taken  place  since  1947  in  the  beneficiation  and  advanced  processing 
stages  of  the  nonfuel  mineral  industries.  The  changes  have  come  not  only  in  the  processes 
themselves  but  also  is  the  extent  to  which  they  have  been  used.  In  copper  production,  for 
example,  at  the  end  of  World  War  II,  four  percent  of  the  nation’s  copper  ore  went  directly 
to  the  smelting  process  without  undergoing  prior  concentration.  By  the  mid- 1960’s,  only 
one  percent  of  the  copper  ore  mined  in  the  United  States  was  considered  direct  smelting 
ore.  Conversely,  in  1947  about  four  percent  of  the  copper  ore  mined  was  subsequently 
treated  by  leaching.  By  the  mid-1 960’s,  the  proportion  of  ore  so  treated  had  climbed  to  ten 
percent. 

The  changes  in  beneficiation  technology  have  been  spread  throughout  the  process,  and 
in  many  respects  have  been  similar  to  the  changes  that  have  taken  place  in  mining 
operations.  The  trend  in  crushing  has  been  to  use  larger  crushers  and  to  increase  the  number 
ot  crushers  and  crushing  stages.  Some  crushers  now  in  use  are  able  to  accept  ore  feed  up  to  a 
nominal  60  inches  in  size.  The  crushers  that  have  been  developed  also  have  greater  strength 
and  their  parts  do  not  wear  out  as  quickly  as  they  did  in  the  past,  because  of  better  alloys. 
Alloys  have  been  continually  improved  for  crusher  strength  and  wearability. 

In  the  grinding  phase  of  beneficiation,  more  and  larger  ball  mills  and  rod  mills  are  now 
being  used.  Some  plants  have  found  that  autogenous  mills  (i.e.,  mills  in  which  the  large 
pieces  of  ore  grind  the  little  pieces)  are  suitable  for  grinding  some  ores.  Longer-wearing 
materials  such  as  rubber,  alloys,  and  plastics  for  mill  liners  also  have  been  developed. 

Froth  flotation  methods  have  become  almost  universally  used  in  the  larger  base-metal 
beneficiation  plants,  replacing  the  older  gravity  methods  which  are  now  found  only  in 
smaller  plants.  Flotation  reagents  have  been  persistently  developed  to  aid  known  processes 
and  to  permit  the  flotation  of  an  ever  wider  range  of  minerals.  As  high-grade  iron  ore  has 
become  depleted,  the  lower-grade  ores  are  being  beneficiated,  largely  by  magnetic  methods. 

The  conventional  gravity,  magnetic,  flotation,  and  agglomeration  processes  which  have 
been  in  use  in  beneficiation  since  before  1947  have  been  considerably  improved. 
Benefication  processes  also  have  come  to  be  used  more  in  series  or  in  specific  combinations 
to  produce  higher-grade  products.  Beneficiation  equipment  has  continued  to  become  larger 
and  more  efficient.  C  rushing  and  grinding  units,  including  antogenous  grinders,  screens,  and 
other  classification  equipment,  magnetic  separators,  flotation  cells,  and  agglomeration 
equipment  and  plants  have  all  been  redesigned  or  enlarged  to  process  more  ore  and  to 
produce  a  purer  concentrate  at  less  cost. 

Pelletizing  has  been  a  significant  innovation  in  the  beneficiation  of  iron  ores  that  has  had 
far-reaching  implications.  The  greater  suitability  of  pellets  for  blast  furnace  input  has  in 
many  instances  made  lower-grade  ores  requiring  beneficiation  more  attractive  than  some 
high-grade  ores,  depending  of  course  on  other  cost  factors  as  well  as  those  involved  in 
beneficiation. 
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Fig.  69  -  Salt  mined  by  underground  methods  in  the  United  States 


7.  Changes  in  Advanced  Processing 

In  the  advanced  processing  state  of  minerals  production,  changes  since  1947  have  been 
along  similar  lines.  In  iron  making,  the  blast  furnace,  enlarged  and  improved  over  the  last 
three  centuries,  remains  the  most  efficient  tool  for  processing  or  smelting  iron  ore  into  pig 
iron.  Technologic  advances,  however,  have  greatly  increased  blast  furnace  capacity  in  recent 
years.  Blast  furnaces  capable  of  producing  1,500  tons  of  pig  iron  per  day  in  1950  could 
produce  2,700  tons  per  day  in  1963  without  any  appreciable  increase  in  size.  This  was 
accomplished  by  pressurizing  the  furnace,  improving  the  hot  blast,  injecting  fuel  into  the 
smelting  zone,  and  by  using  a  higher-grade  iron  ore  feed.  The  higher-grade  iron-bearing 
concentrate  was  provided  by  the  increased  use  of  beneficiation  processes  in  iron  ore 
production.  Sintered  or  beneficiated  and  pelletized  ore  takes  less  furnace  space  per  unit  of 
iron  than  does  natural  iron  ore,  first  because  it  is  higher-grade  and  second  because  the 
higher-grade  iron  ore  requires  less  limestone,  coke,  and  other  agents  needed  to  produce  pig 
iron  from  iron  oxide  minerals. 

In  copper  production,  improvements  have  continued  since  1947  in  extracting  copper 
from  its  ores  by  leaching.  Solvent  extraction  of  copper  from  pregnant  leach  solutions  is  now 
used  successfully  at  some  plants.  Better  techniques  and  equipment  for  precipitating  copper 
with  iron  have  also  been  developed.  There  has  been  a  trend  toward  the  wider  employment 
of  leaching  as  various  companies  changed  this  process  from  a  sideline  to  that  of  a  major  part 
of  the  copper  production  operation. 

In  copper  smelting,  the  older,  hearth  type  roasters  have  gradually  been  abandoned.  The 
trend  in  recent  years  has  been  to  use  a  fluidizing  roaster  to  remove  sulfur  dioxide  from 
the  sulfide  minerals.  This  is  further  processed,  where  there  is  a  market,  to  make  products 
such  as  sulfuric  acid  and  crude  sultur.  The  development  of  these  processes  also  prevents 
large  quantities  of  sulfur  dioxide  from  entering  the  atmosphere. 

Few  copper  reduction  plants  still  use  blast  furnances  in  smelting,  with  most  plants  now 
using  reverberatory  furnaces  adapted  to  treating  fine-grained  sulfide  concentrates.  Larger, 
better  controlled  reverberatory  furnaces  have  come  into  use.  Furnace  designs  and  refractory 
materials  used  in  the  furnaces  have  been  improved.  In  the  newer  or  remodeled  plants,  larger 
and  better  designed  converters  have  also  been  built  with  improved  refractory  materials.  The 
use  of  control  devices  has  been  intensified  to  help  manage  the  converting  process. 

In  addition  to  new  equipment,  new  smelting  techniques  have  been  developed.  The  use  of 
green  wooden  poles  for  reducing  copper  oxide  in  fire  refining  has  given  way  to  other 
reducing  agents  such  as  reformed  natural  gas  and  ammonia.  Similar  innovations  have 
been  made  in  other  advanced  processing  operations,  not  only  in  the  treatment  of 

metalliferous  ores,  but  also  in  the  preparation  of  nonmetallic  minerals  for  use  as  industrial 
raw  materials. 
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E.  CURRENT  PRACTICE  IN  MINERALS  PRODUCTION 


1 .  Placer  Mining 

Today,  the  method  of  mining  that  was  responsible  for  the  initial  development  of  mineral 
resources  in  the  Western  United  States  is  almost  extinct  in  that  region.  Placer  mining  is 
presently  only  of  minor  importance  in  the  West.  Elsewhere,  however,  such  is  not  the  case 
and  placer  mining  has  become  in  some  places  as  modem  and  mechanized  as  other  methods 
of  mineral  production.  In  such  areas,  mobile  powered  equipment  used  in  placer  mining 
includes  track-mounted  dozers,  draglines,  power  shovels,  and  front-end  loaders.  The 
bulldozer  is  usually  used  in  conjunction  with  the  perennial  sluice  box,  the  dozer  pushing 
heavy  mineral-bearing  gravel  into  the  sluice  where  running  water  washes  out  the  sand  and 
gravel  and  the  heavy  minerals  settle  out  behind  riffles.  Draglines,  shovels,  and  front-end 
loaders  are  usually  used  in  conjunction  with  portable  washing  plants  which  separate  the 
coarse  and  lightweight  waste  material  from  the  finer  and  heavier  fractions  of  heavy  minerals. 
The  concentrate  produced  is  transported  to  a  mill  for  further  gravity  concentration. 

Ground  sluicing  utilizes  the  natural  flow  of  water  for  disintegrating  a  placer  deposit  and 
transporting  the  dislodged  material  through  a  sluice  where  the  valuable  heavy  minerals  are 
concentrated.  Ground  sluicing  is  suitable  for  small-scale  mining,  but  it  requires  a  large  water 
supply  and  a  suitably  located  deposit.  When  the  supply  of  water  is  insufficient  for 
continuous  operation,  storage  reservoirs  are  constructed  from  which  a  satisfactory  volume 
of  water  can  be  released  periodically  through  gates.  Sluicing  has  been  used  extensively  in  the 
subarctic  regions  for  stripping  overburden  from  small  deposits. 

Hydraulic  mining  is  similar  to  ground  sluicing  except  that  the  water  is  delivered  under 
substantial  pressure.  The  principal  requirements  for  hydraulic  mining  as  currently  practiced 
are  several.  The  mineral  material  in  place  must  be  amenable  to  disintegration  by  the  action 
of  water  under  pressure.  There  must  be  an  adequate  supply  of  water  that  can  be  delivered 
under  a  pressure  sufficient  for  the  purpose,  generally  the  higher  the  better.  There  must  be 
adequate  space  for  disposal  of  debris.  Of  critical  importance  is  the  susceptibility  of  the 
mineral  of  interest  to  efficient  concentration  in  a  sluice  box,  under  the  variable  conditions 
of  pulp  density  and  rate  of  flow  that  occur  in  a  hydraulic  system.  There  must  also  be 
sufficient  natural  grade  to  permit  the  maintenance  of  hydraulic  slope  as  the  mining  face  is 
advanced,  for  the  installation  of  sluice  boxes  to  concentrate  the  mineral,  as  well  as  for  the 
disposal  of  tailings  in  the  natural  channel  or  beyond  the  discharge  point  of  an  elevator.  But 
perhaps  the  most  important  requirement  of  all  (and  the  factor  that  has  been  absent  in  the 
Western  States)  is  the  absence  of,  or  minimal  influence  of,  regulations  governing  the 
introduction  of  solids  into  streams  and  the  deposition  of  debris.1 25 

In  present-day  hydraulic  mining,  water  under  pressures  of  around  100  pounds  per  square 
inch  is  delivered  through  a  special  nozzle  called  a  hydraulic  giant  that  is  connected  to  the 
supply  line  by  a  semi-universal  joint.  The  high-pressure  stream  of  water  coming  from  the 
hydraulic  giant  is  directed  against  a  bench,  disintegrating  and  washing  the  material 
downgrade  to  a  sluice  box.  Auxiliary  equipment  may  include  hydraulic  elevators,  gravel 
pumps,  elevated  sluices,  and  the  mechanical  equipment  used  to  stack  tailings.  Hydraulic 
mining  has  proved  to  be  the  only  practical  method  so  far  devised  for  large-scale  removal  of 
the  vast  deposits  of  frozen  muck  that  overlie  most  of  the  auriferous  gravel  deposits  found  in 
Alaska  and  the  Yukon.1 26 

Dredging  is  an  important  placer  mining  method  that  is  still  in  wide  use  in  many  areas  for 
both  construction  and  the  production  of  sand  and  gravel.  Strictly  defined,  dredging  is  the 
underwater  excavation  of  mineral  deposits  using  a  floating  contrivance  called  a  dredge.  The 
term  is  sometimes  applied,  however,  to  underwater  excavation  where  land-based  machines 
such  as  draglines  or  slackline  bucket  scrapers  are  used. 

As  used  today,  a  floating  dredge  is  a  large  raft  or  barge  on  which  are  mounted  excavating 
equipment  and  (in  metal  mining)  a  gravity  concentration  system.  Material  is  excavated  at 
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Fig.  70 -Ground  sluicing  is  still  used  in  some  parts  of  the  world,  including  Alaska,  but  is  now  virtually 
unknown  in  the  11  Western  States.  Appropriate  for  small  placer  operations,  the  method  requires  abundant 
water.  (Photo  courtesy  of  Arizona  Pioneers'  Historical  Society) 


the  forward  end  by  buckets  or  suction  pumps,  then  elevated,  washed,  screened,  and 
concentrated  for  the  recovery  of  any  valuable  mineral  present.  The  oversize  and  other 
wastes  (called  tailings)  are  discharged  to  the  rear  of  the  dredge  by  a  stacker. 

Several  factors  govern  the  physical  applicability  of  the  bucket-line  dredge.  There  must 
be  an  adequate  water  supply  in  relation  to  the  character  of  the  material  mined,  particularly 
with  respect  to  the  percentage  of  clay  or  slime  in  the  ground.  The  character  of  this  material 
mined  is  also  important,  as  are  the  size  and  number  of  boulders  in  the  gravel  and  the 
presence  of  any  buried  timber  or  vegetation.  Surface  topography  in  relation  to  groundwater 
level  and  surface  grade  is  also  of  critical  import,  as  is  the  size  and  shape  of  the  area  to  be 
mined,  particularly  its  minimum  width.  The  depth  of  the  deposit,  the  topography  on  top  of 
bedrock,  and  the  character  of  the  bedrock  itself  must  also  be  considered.  Likewise  to  be 
taken  into  account  are  the  overburden,  the  type  and  amount  of  vegetation  that  must  be 
cleared  from  the  surface,  the  range  of  fluctuation  in  the  water  level  (in  rivers  and  lakes),  the 
climatic  conditions  that  determine  the  length  of  an  operating  season,  and  if  offshore,  the 
depth  of  water,  storm  and  current  conditions,  and  the  character  of  sea  floor.1  27 

Dredging  is  generally  adapted  to  large,  thick  deposits  containing  enough  gravel  to 
warrant  the  large  initial  investment  required  for  testing  the  ground  and  for  purchasing  and 
erecting  expensive  dredging  equipment.  Placer  dredges  have  been  built  with  buckets  ranging 
from  1.5-  to  20-cubic-foot  capacity,  but  the  usual  range  is  from  six  to  16  cubic  feet.  Digging 
depths  below  water  level  have  been  from  as  little  as  eight  feet  to  over  100  feet.  The  weight 
of  conventional  dredges  ranges  from  125  to  175  tons  per  cubic  feet  of  bucket  capacity. 

In  1936,  66  percent  of  the  total  gold  recovered  from  placers  in  the  United  States  was 
produced  by  floating  dredges  of  the  connected-bucket-ladder  type.  That  same  year,  there 
were  38  dredges  operating  in  Alaska,  45  in  California,  12  in  Idaho,  five  in  Oregon,  two  in 
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Fig.  71 -Hydraulic  mining  is  still  used  in  Alaska  but  not  in  other  Western  States.  The  method  involves 
the  extensive  use  of  water  under  pressure  and  creates  problems  in  fluid  waste  disposal  in  some  areas.  (Photo 
courtesy  of  Arizona  Pioneers'  Historical  Society) 
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Montana,  and  one  in  Colorado,  a  total  of  103  for  the  entire  country.  These  dredges 
recovered  more  than  600,000  fine  ounces  of  gold  that  year.  Today  the  amount  of  such  gold 
dredging  is  of  minor  importance  in  the  United  States.1  28 

2.  Underground  Mining 

While  placer  mining  has  virtually  disappeared  as  a  significant  mineral  production  method 
in  the  United  States  (primarily  because  of  the  legal  restrictions  placed  upon  its 
environmental  effects),  underground  mining  methods  have  remained  important.  They  have 
done  so  in  spite  of  technological  advances  in  surface  mining  methods  and  the  increasing 
costs  and  complexities  inherent  in  underground  operations.  As  shown  in  Table  32,  there 
remains  a  substantial  variety  of  mineral  commodities  being  produced  from  large 
underground  mines.  An  even  greater  variety  is  produced  from  smaller  underground 
operations.  While  underground  mining’s  share  of  the  total  production  of  various 
commodities  such  as  copper  and  iron  ore  has  declined,  other  materials  still  rely  heavily  on 
underground  mine  production.  Nearly  all  of  the  lead,  zinc,  potash,  trona,  mercury,  tungsten, 
about  two-thirds  of  the  molybdenum,  and  about  half  of  the  uranium  and  gold  produced  in 
the  Western  United  States  are  mined  underground.  In  addition,  nearly  all  primary  (non-by¬ 
product)  silver  mined  in  the  country  is  produced  from  underground  mines. 

At  the  present  time,  a  wide  variety  of  underground  mining  methods  are  in  use.  Each  has 
its  own  particular  characteristics  regarding  costs,  space  requirements,  and  suitability  for 
particular  mineral  deposits  and  mineral  commodities.  Some  mineral  deposits  formed 
through  various  sedimentary,  metamorphic,  and  igneous  processes,  including  many 
disseminated  copper  deposits,  are  mined  largely  by  open  pit  methods.  Veins  and  massive 
replacement  deposits,  however,  are  usually  mined  by  underground  methods  as  are  some 
disseminated  orebodies.  Whether  a  mineral  deposit  is  mined  by  surface  or  underground 
methods  (and  in  turn  by  what  type  of  underground  method)  depends,  however,  on  the  size 
and  shape  of  the  orebody,  its  proximity  to  the  surface,  and  the  amount  and  character  of 
overburden  or  adjacent  waste  rock  which  must  be  removed,  and  not  necessarily  on  the 
geologic  classification  into  which  the  deposit  falls.  Although  the  lead  and  zinc  deposits  of 
Missouri  occur  in  discontinuous  clusters  extending  over  hundreds  of  square  miles,  they  are 
too  deep  to  be  minedby  anything  but  underground  methods  at  the  present  time. 

The  competence  of  the  orebody  host  rock  and  adjacent  rocks,  the  dimensions  of  the 
orebody,  and  its  attitude  are  the  most  important  factors  in  determining  the  type  of 
underground  mining  method  used  in  current  practice.  For  some  mineral  deposits,  every 
opening  in  the  rock  must  be  artificially  supported.  In  others,  the  rock  is  such  that  natural 
support  methods  can  be  used.  In  still  a  third  class,  the  character  of  the  ore  and  adjacent 
(usually  overlying)  rocks  is  such  that  its  natural  tendency  to  collapse  when  left  unsupported 
can  be  utilized  in  the  mining  system. 

Artificial  support  stoping  methods  form  the  highest-cost,  least  productive  class  of 
underground  mining  methods,  and  are  therefore  applicable  only  to  fairly  high-grade  ore 
deposits.  Artificial  support  methods  may  be  most  economical,  however,  when  unsupported 
stopes  cannot  be  used  because  weak  ore,  waste,  or  both  will  not  stand  unsupported,  or  if  the 
presence  of  very  high  grade  ore  makes  natural  support  uneconomical  because  of  the  high 
values  left  in  the  unmined  pillars. 

One  of  the  most  commonly  used  methods  involving  artificial  support  is  shrinkage 
stoping,  in  which  ore  is  commonly  removed  in  ascending  horizontal  slices  with  most  of  the 
broken  ore  being  left  in  the  stope  to  support  both  the  walls  and  the  miners  while  they 
prepare  to  excavate  the  next  slice  (see  Figure  72).  When  drilling  and  blasting  work  in  the 
stope  is  completed,  the  remaining  ore  can  be  withdrawn.  This  method  is  most  commonly 
used  in  steeply  dipping  vein  or  bedded  deposits  of  competent  ore.  Moderately  weak  wall 
rocks  can  be  tolerated,  as  the  broken  ore  provides  some  lateral  support. 

While  shrinkage  stoping  is  the  least  costly  of  the  supported  stope  methods,  it  has  two 
important  disadvantages.  Because  most  of  the  broken  ore  is  retained  in  the  stope  until 
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Table  32 


THE  LARGEST  UNDERGROUND  MINES  IN  THE  UNITED  STATES,  1967a 


Mine 

Principal 

Ore  Mined 

Company 

Commodity 

Mining  Method 

(millions  of  tons) 

1. 

Climax  (Colorado) 

American  Metal  Climax,  Inc. 

molybdenum 

block  caving 

15.381 

2. 

San  Manuel  (Arizona) 

Magma  Copper  Company 

copper 

block  caving 

14.391 b 

3. 

White  Pine  (Michigan) 

Copper  Range  Company 

copper 

room-and-pillar 

6.850b 

4. 

Carlsbad  (New  Mexico) 

Southwest  Potash  Corporation 

potash 

room-and-pillar 

3.158 

5. 

Federal  (Missouri) 

St.  Joseph  Lead  Company 

lead 

open  stoping,  casual  pillar 

2.932 

6. 

Pea  Ridge  (Missouri) 

Meramec  Mining  Company 

iron 

caving  methods 

2.639 

7. 

Mather  (Michigan) 

Cleveland-Cljffs  Iron  Company 

iron 

sublevel  stoping 

2.126 

8. 

New  Mexico  Potash 

Kerr-McGee  Corporation 

potash 

room-and-pillar 

2.094 

9. 

Grace  (Pennsylvania) 

Bethlehem  Mines  Corporation 

iron 

block  caving 

1.913 

10. 

Homestake  (South 
Dakota) 

Homestake  Mining  Company 

gold 

cut-and-fill 

1.899 

11. 

Viburnum  (Missouri) 

St.  Joseph  Lead  Company 

lead 

open  stoping,  casual  pillar 

1.804 

12. 

Westvaco  (Wyoming) 

Federal  Resources  Corporation 

trona 

room-and-pillar 

1.600 

13. 

Cornwall 

(Pennsylvania) 

Bethlehem  Mines  Corporation 

iron 

caving  methods 

1.534 

14.' 

Belle  Isle  (Louisiana) 

Cargill,  Inc. 

salt 

room-and-pillar 

1.151 

15. 

Saunders  (New 

Mexico) 

Duval  Corporation 

potash 

room-and-pillar 

1.070 

aNonfuel  minerals  only. 

b1966  production  is  shown  because  of  a  prolonged  strike  in  1967. 

Source  of  data:  World  Mining,  Catalog,  Survey  and  Directory  Number, V ol.  4,  No.  7,  June  28,  1968,  pp.  122-123. 
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Fig.  72  -  Idealized  section  of  a  shrinkage  stope  in  a  steeply  dipping  vein  or  bed.  /As  excavation  progresses 
upward,  the  broken  ore  supports  both  the  miners  and  the  walls.  The  difference  in  volume  between  the  ore 
in  place  and  broken  is  the  " shrinkage "  which  is  drawn  off  after  each  cycle.  Costs  are  high. 
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mining  is  complete,  capital  recovery  is  delayed.  In  addition,  broken  sulfide  ores  tend  to 
oxidize  while  lying  in  the  stopes,  thereby  adversely  effecting  beneficiation  efficiency  and 
creating  a  lire  hazard  Irom  the  heat  generated  by  the  oxidation  process. 

The  usage  of  shrinkage  stoping  has  declined  in  recent  years  in  the  United  States  in  favor 
ol  the  cut-and-fill  method,  mainly  because  the  latter  technique  does  not  involve  the 
necessary  long-term  storage  of  broken  ore  in  working  stopes.  Furthermore,  the  cut-and-fill 
rpethod  allows  a  significant  portion  of  the  waste  created  in  mining  and  beneficiation  to  be 
re-stored  underground  and  not  spread  out  over  the  surface.  As  shown  in  Figure  73,  the 
method  makes  effective  use  of  waste  material  by  putting  it  back  into  previously  excavated 
aieas  in  order  to  maintain  the  position  of  the  surrounding  rock. 

Cut-and-fill  stoping,  like  shrinkage  stoping,  is  characterized  by  the  extraction  of 
horizontal  ore  slices  in  an  ascending  sequence.  In  cut-and-fill  mining,  however,  after  a  slice 
of  ore  has  been  broken  and  removed  from  the  stope,  a  layer  of  waste  rock  (or  mill  tailings) 
equal  in  volume  to  the  removed  ore  slice  is  placed  in  the  stope.  This  waste  fill  performs  the 
same  function  as  the  broken  ore  in  the  shrinkage  stope.  It  provides  support  for  weak  wall 
rocks  and  for  mining  activity  in  extracting  the  next  slice.  Cut-and-fill  stoping  is  applicable  to 

steeply  dipping  vein  or  bedded  deposits  of  strong  ore  that  have  moderately  weak  to  weak 
wall  rock. 


A  variety  of  materials  can  be  and  are  used  for  fill  material  in  cut-and-fill  stopes.  The  most 
common  is  concentrator  tailings  from  beneficiation  operations  on  the  surface.  This  material 
is  pumped  into  the  stope  in  slurry  form,  and  after  the  water  is  drained  off,  the  remaining 
surface  becomes  firm  and  level.  The  addition  of  cement  to  the  top  few  inches  of  the  slurry 
lil,  layer  results  in  a  strong  floor  capable  of  supporting  mechanized  mining  equipment. 
Overlaying  the  fill  material  with  steel  plates  provides  the  same  capability.  Also,  by  using 
occasional  stulls,  rock  bolts,  or  gunite  sprays,  cut-and-fill  mining  can  be  extended  to 
deposits  of  moderately  weak  ore,  thereby  encroaching  on  the  domain  of  the  timber-support 

In  addition  to  broken  ore  and  waste,  timber  is  still  used  to  support  the  walls  and  back 
(roof)  in  many  underground  mining  operations.  Two  general  types  of  timbered  stopes  are 
used,  stull  stopes  and  square-set  stopes.  Where  small,  thin  veins  are  mined  and  only 
temporary  wall  rock  support  is  required,  single  timber  props,  or  stulls,  may  be  wedged 
between  the  hanging  and  foot  walls.  Stull  stoping  is  a  simple  method  for  small  vein  deposits 
requiring  little  capital  investment  and  therefore  is  favored  by  the  small  miner.  Indeed  the 

declining  usage  of  stull  stoping  has  paralleled  the  decline  in  the  number  of  small 
underground  metal  mines. 

Fi  square-set  stoping,  the  timbers  are  erected  in  a  three-dimensional  lattice  work  of 
roughly  cubical  frames  (see  Figure  74)  enabling  larger  deposits  to  be  mined.  As  with 
shrinkage  stoping,  the  direction  of  mining  is  normally  upward,  but  usually  only  enough  ore 
is  broken  to  permit  another  set  to  be  installed.  This  is  because  square-set  stoping  is  only 
useu  m  weak  ore  that  requires  immediate  support.  For  stronger  ore,  another  mining  method 

methods6  “ **  square'set  stoping  is  the  most  expensive  of  the  underground  mining 

Square-sets  alone  provide  only  temporary  support,  and  waste  is  commonly  used  to  fill 
tie  lower  sets  for  permanent  support.  Ore  passes  and  manways,  of  course,  are  maintained 
from  the  haulage  drift  up  through  the  fill  material  for  access  to  the  active  stope  area 
Increasing  timber  costs  and  the  large  amount  of  non-productive  labor  involved  in  preparing 
an  installing  timbers  has  resulted  in  the  declining  use  of  timbered  stopes.  Nevertheless 
iere  will  undoubtedly  continue  to  be  limited  usage  of  timbered  stopes  for  deposits  of 
high-giade,  weak  ore  where  no  other  method  is  applicable. 

Of  the  three  artificial  support  methods,  only  cut-and-fill  mining  has  expanded  its  range 
o  application  in  recent  years.  The  reason  for  this  expanded  usage  has  been  the  amenability 
o  ui t-a iid -fill  stoping  to  the  higher  productivity  mining  equipment  and  techniques 
developed  recently.  The  opportunity  of  underground  disposal  of  a  portion  of  the  waste 
material  produced  m  beneficiation  operations  has  also  become  more  attractive. 
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Fig.  73-  Cut-and-fill  stoping  involves  replacing  removed  ore  with  waste  material,  usually  the  residue 
from  beneficiation  operations.  It  is  costly  and  requires  high-grade  ore  and  specific  geologic  conditions. 
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Fig.  74-  Square-set  stoping  uses  extensive  timbering  to  provide  temporary  support  in  active  workings. 
The  most  costly  of  all  underground  methods,  it  requires  large  amounts  of  wood  and  manpower,  and  ore 
must  be  of  particularly  high  grade  to  warrant  its  use. 
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Natural  support  or  open  stoping  methods  are  generally  considered  to  be  restricted  to 
competent  rock  formations,  as  roof  support  is  usually  provided  only  by  natural  pillars.  The 
back  is  thus  required  to  be  self-supporting  between  pillars.  An  obvious  exception  to  this 
generalization  is  room-and-pillar  coal  mining  (a  natural  support  method)  where  a  very  weak 
material,  coal,  is  mined.  In  this  application,  however,  stulls  normally  provide  temporary 
support  between  the  pillars,  which  themselves  are  often  mined  on  retreat,  allowing  the 
entire  back  to  cave  after  operations  have  been  finished.  This  of  course,  produces  some 
surface  subsidence. 

Stope-and-pillar  and  room-and-pillar  are  closely  related  mining  methods  that  are 
normally  used  in  deposits  having  many  similar  characteristics.  Both  methods  involve  mining 
by  excavating  “rooms”  or  stopes  and  leaving  adjacent  rock  in  place  as  natural  pillars  to 
provide  overall  roof  support. 

The  stope-and-pillar  method  is  normally  applicable  to  fairly  horizontal,  tabular  or 
bedded  deposits  of  large  lateral  extent,  but  in  which  the  actual  ore  is  distributed  irregularly 
and  the  size  of  the  individual  orebodies  is  variable.  This  irregular  distribution  of  ore  values 
inhibits  long-term  planning  for  pillar  sites,  for  the  logical  pillar  locations  are,  whenever 
possible,  in  waste  rather  than  ore.  Consequently,  the  plan  view  of  a  stope-and-pillar  mine 
often  suggests  random  pillar  locations,  whereas  these  locations  are  actually  selected  very 
carefully  to  maximize  ore  extraction  and  mine  safety. 

In  the  room-and-pillar  method,  pillars  are  left  on  a  regular  predetermined  pattern 
facilitating  high  speed,  rapid  advance  mining.  As  with  stope-and-pillar  mining,  the 
room-and-pillar  method  requires  a  large  bedded  or  tabular  deposit,  but  one  with  ore  values 
distributed  uniformly  throughout  the  deposit.  The  regular  placement  of  pillars  is  practiced 
only  if  the  ore  in  the  proposed  pillars  is  of  no  more  value  than  ore  in  the  excavated  rooms. 
While  room-and-pillar  mining  is  most  widely  used  in  coal  mining,  it  is  also  used  frequently  in 
other  large,  bedded,  uniform,  low-grade  deposits  such  as  potash,  salt,  and  native  copper.  In 
coal  mining,  a  large  portion  of  the  total  production  in  a  typical  room-and-pillar  operation 
today  comes  from  pillar  mining  on  retreat,  or  second  mining. 

While  the  stope-and-pillar  and  room-and-pillar  mining  methods  used  today  are  quite 
similar  in  their  overall  characteristics,  they  are  normally  considered  as  distinct  methods 
because  their  primary  areas  of  application  are  quite  different.  Stope-and-pillar  mining  is 
most  widely  used  in  “hard  rock”  mining,  the  most  famous  example  being  the  Tri-State  and 
Southeastern  Missouri  lead  belts.  Room-and-pillar  mining  has  been  used  mainly  in  “soft” 
rock  mining  such  as  at  Carlsbad,  New  Mexico,  and  has  permitted  the  development  of 
high-production  continuous  mining  systems  where  ore  is  broken  by  continuous  mining 
machines  rather  than  intermittently  as  in  the  drill  and  blast  cycle  used  in  most  other  forms 
of  mining. 

While  the  two  open  stoping  methods  just  mentioned  are  applicable  to  horizontal,  tabular 
deposits,  sublevel  open  stoping  is  used  with  a  steeply  dipping  or  massive  orebody  with  a  long 
vertical  dimension.  Both  ore  and  waste  rock  must  be  strong  and  must  stand  well  without 
caving  over  long  periods.  In  sublevel  open  stoping,  a  vertical  slot  is  excavated,  usually  in  the 
middle  of  the  stope-to-be,  and  the  ore  is  then  mined  in  vertical  slices  drilled  from  the 
sublevels  and  blasted  into  the  open  slot.  The  ore  falls  to  the  lower  haulage  level  where  it  is 
drawn  off  through  chutes  into  ore  cars  lor  haulage  to  the  hoisting  shaft. 

Sublevel  open  stoping  offers  low  operating  costs,  but  it  is  hampered  by  the  large  amount 
of  pre-production  time  and  capital  required  in  driving  the  large  number  of  development 
openings.  Another  restriction  of  the  use  of  this  method  is  the  need  for  both  strong  ore  and 
strong  wall  rock.  Because  of  the  large  open  stopes  created,  strong  rock  is  required  to  prevent 
caving,  ore  dilution,  and  surface  subsidence. 

With  some  ore  deposits  it  is  either  impossible  or  undesirable  to  prevent  overburden 
waste  rock  from  caving  in  after  the  ore  has  been  removed  from  beneath  it.  In  contrast  to  the 
open  stope  mining  methods,  the  success  of  the  four  principal  caving  methods  depends  on 
the  caving  of  the  back  almost  immediately  after  support  is  removed.  A  characteristic  result 
of  these  methods  is  surface  subsidence  once  the  caving  action  reaches  the  surface.  The 
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caving  methods  require  large,  steeply-dipping  or  massive,  uniform,  and  fairly  low  unit  value 
deposits,  as  these  methods  generally  are  the  least  selective  mining  methods  currently  in  use. 
With  the  exception  of  top  slicing,  they  are  most  susceptible  to  ore  dilution  from  waste  rock. 

Top  slicing  is  a  relatively  high-cost  caving  method  that  was  widely  used  in  the  high-grade 
hematite  mines  of  Upper  Michigan,  but  is  seldom  used  today.  Because  of  its  comparatively 
high  cost,  top  slicing  is  now  used  only  where  extremely  poor  ground  conditions,  i.e., 
extremely  weak  overburden  and  weak  ore,  are  encountered.  In  top  slicing,  the  ore  is 
excavated  in  horizontal  slices  in  descending  order  from  the  top  of  the  orebody.  Each 
production  slice  drift  is  heavily  timbered  to  temporarily  support  the  back  until  the  ore  in 
that  urift  is  removed.  Then  the  drift  floor  is  covered  with  planking,  and  the  overburden  is 
allowed  to  cave.  The  layer  of  wooden  timbers  and  planks  that  develops  between  the  ore  and 
the  overlying  waste  is  called  the  mat.  The  mat  prevents  dilution  of  ore  with  waste,  and  also 
makes  the  back  somewhat  easier  to  support  during  the  mining  of  succeeding  underlying 
slices.  Low  productivity,  high  timber  costs,  and  an  extreme  fire  hazard  from  the  large 
quantity  of  timber  used  have  nearly  eliminated  the  use  of  top  slicing  today.  It  is,  however, 
still  used  to  extract  high-grade  pillars  in  some  open  stope  mines. 

Sublevel  caving  is  closely  related  to  top  slicing,  but  requires  stronger  ore.  In  this  method, 
sublevels  are  caved  in  alternate  horizontal  slices,  and  the  ore  in  that  slice  and  the  ore 
immediately  above  are  removed.  Historically,  sublevel  caving  has  been  only  slightly  more 
economical  than  top  slicing  and  would,  therefore,  probably  be  seldom  used  today  except  for 
the  unique  version  of  sublevel  caving  developed  in  Sweden.  At  the  Kiruna  iron  ore  mine  in 
Northern  Sweden  the  ore  is  very  competent,  but  the  hanging  wall  is  weak.  The  strong  ore 
has  permitted  large  openings  to  accommodate  large  mechanized  mining  equipment,  thereby 
reducing  sublevel  caving’s  mining  costs  to  a  competitive  level.  Ore  is  thus  broken  cheaply, 
and  the  weak  hanging  wall  is  allowed  to  cave.  The  Swedish  variation  of  sublevel  caving  may 
expand  the  applicability  of  this  method  to  other  ferrous  or  industrial  mineral  deposits  where 
strong  ore  and  weaker  waste  rocks  might  be  encountered.  The  method  is  only  rarely  used  in 
the  Western  United  States  at  present. 

Longwall  mining  is  the  most  widely  used  coal  mining  method  in  Europe,  but  it  is  much 
less  frequently  employed  in  North  America.  Deposit  requirements  are  similar  to  those  for 
room-and-pillar  mining,  i.e.,  a  fairly  horizontal  bedded  deposit,  of  large  lateral  extent,  with  a 
uniform  value.  Longwall  mining  is,  however,  applicable  at  greater  depths  (i.e.,  high  rock 
stresses)  than  room-and-pillar  because  the  back  is  allowed  to  cave  in  longwall  mining.  This  is 
one  ot  the  main  reasons  that  the  method  is  extensively  used  in  Europe,  while  the  shallower 
American  coal  beds  have  been  more  economically  suitable  for  room-and-pillar  mining. 

tu  lgwall  mining,  a  long  face  (usually  500  to  100  feet  long)  is  advanced  uniformly 
without  leaving  pillars,  and  the  back  is  allowed  to  cave  a  very  few  feet  behind  the  working 
face.  Temporary  roof  supports,  often  hydraulic  jacks,  protect  the  face  area  during  mining 
and  are  advanced  as  each  vertical  ore  slice  is  removed  from  the  face.  In  soft  rock  deposits, 
excavation  is  usually  done  with  a  continuous  mining  machine  that  eliminates  the  drill  and 
blast  cycle  and  breaks  and  loads  ore  continuously. 

The  hard  rock  applications  of  longwall  mining  to  date  have  been  limited  to  uranium, 
manganese,  and  (experimentally)  to  copper.  However,  as  continuous  mining  methods  for 
haid  rock  are  developed  in  the  future,  the  low  mining  costs  and  minimum  amount  of 
development  required  for  longwall  mining  should  encourage  more  widespread  usage  of  this 
method.  A  direct  consequence  of  longwall  mining  is  surface  subsidence. 

Massive,  low-grade,  well-fractured  orebodies  are  amenable  to  block  caving,  the 
underground  mining  method  currently  having  the  lowest  unit  operating  costs.  Block  caving 
operations  vary  in  size  from  medium  to  high  tonnages  at  low  cost,  and  some  block  caving 
mines  are  competitive  with  surface  mining  methods  on  an  operating  cost  basis. 

In  block  caving,  a  large  block  of  ore  is  undercut  by  removing  a  horizontal  layer  of  rock 
under  the  block.  Then,  because  of  its  own  weight,  the  weak  ore  begins  to  break  up  and  cave 
into  the  opening  below,  where  it  is  drawn  off  into  ore  trains.  Obviously,  one  of  the  primary 
advantages  of  block  caving  is  that  most  of  the  ore  is  broken  by  the  force  of  gravity,  and 
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Fig.  75  -  Block  caving  is  the  cheapest  of  all  underground  mining  methods,  but  it  requires  a  large,  regular 
orebody  composed  of  rock  that  will  collapse  and  break  up  when  its  natural  support  is  removed. Normally , 
considerable  surface  disturbance  ensues. 


471 


drilling  and  blasting  are  used  extensively  only  in  development  excavations.  The  ore  caves  all 

the  way  to  the  surface  where  a  sizeable  subsidence  crater  grows  progressively  larger  as  mining 

continues. 

As  can  be  seen  from  the  drawing  of  a  typical  block  caving  mine  in  Figure  75,  there  is 
extensive  pre-production  development  required  with  this  method.  Block  caving  is’  also  the 
least  selective  mining  method  (waste  inclusions  in  ore  must  normally  be  mined  as  ore)  and  is 
most  susceptible  to  ore  dilution  with  waste.  When  the  geologic  and  economic  conditions  are 
favorable  however,  block  caving  offers  comparatively  low  operating  costs  and  relatively 
high  productivity  to  the  underground  mine  operator.  It  is  now  used  at  both  Climax  and  San 
ianuel  in  the  West,  at  several  iron  mines  in  the  East,  and  even  in  asbestos  mining  in  Canada. 

3.  Surface  Mining 


Perhaps  the  most  commonly  used  mining  method  existing  today,  and  certainly  the  most 
noticeable,  is  open  pit  mining.  An  open  pit  mine  is  a  mine  broadly  open  to  the  surface.  The 
excavation  is  ordinarily  made  from  the  surface  downward  with  a  series  of  benches  30  to  50 
eet  in  height.  For  this  reason,  open  pit  mining  is  sometimes  referred  to  as  bench  mining.  In 

uF/°V!de  W?rking  room’  the  bench  width  must  ordinarily  be  a  minimum  of  50  to 
100  lee  Working  slopes  are  often  as  flat  as  25  degrees,  whereas  final  slopes  are  sometimes 
steeper  dian  45  degrees.  To  reduce  the  amount  of  advance  stripping,  the  slopes  are  carried  as 
steeply  as  possible  without  unduly  restricting  operating  room. 

p.  symmetrical  °Pen  Pits  in  existence  today  is  the  New  Cornelia  pit  of  the 

Phelps  Oodge  Corporation  at  Ajo,  Arizona,  shown  in  Figure  76.  Others  in  the  West  are 
isually  not  of  such  regular  dimensions,  as  shown  by  the  view  of  the  pit  at  Ray  Arizona 
shown  in  Figure  77.  Still  others  (and  many  are  included  in  this  category)  are  not  even  pits  at 
ah  in  he  sense  that  they  have  been  excavated  below  the  surrounding  surface  of  the^and 
Many  have  been  formed  by  digging  into  hillsides  and  removing  part  or  all  of  a  previously 
existing  mountain.  The  open  “pit”  mine  of  the  Hanna  Mining  Company  near  Riddle 
regon  is  of  this  type.  There,  the  mine  has  been  formed  by  scraping  off  the  top  of  the 

rritPH*Iller/he  ^olce  between  underground  and  open  pit  mining  is  based  largely  on  geologic 
*?  ’  ncf  thf  selectlon  of  the  open  pit  method  for  mining  a  mineral  deposit  has  been 

made,  the  detailed  characteristics  of  the  pit  are  based  more  on  economic  factors  The 
determination  of  final  pit  limits  and  the  ultimate  outline  of  the  pit  are  governed  largely  bv 

“MV"  Wi!l-.n0rm,ally  be  eXpanded  0UtWard  and  downward  tef  the  break-even 
ore  recovered. WhCre  addltl°nal  str,pping  and  mining  cannot  be  paid  for  by  the  values  in  the 

inn,?*  de5,ermlne  the  break-even  point.  The  unit  recoverable  value  of  the  ore  is 

uenced  by  the  grade  of  the  ore,  mill  and  smelter  recovery  rates,  and  the  selling  price  of 

mmatedUsi  e  ortC‘r  ^  ^  ^  °f  W‘"  red-e  break-eCen  point  and  shrink  the 
J ornate  size  of  the  pit.  An  increase  in  any  of  the  costs  of  production  such  as  ordinarily 

e°aCcChr^tTmg  f ts  deeper  (b^ause  more  and  more  energy  must  be  expended  in  getting 
each  unit  of  production  to  the  surface),  without  offsetting  decreases  in  other  production 
costs,  will  decrease  the  break-even  ratio  and  likewise  reduce  the  size  of  the  orebody  and  the 

removedfor  each  ton" 'of™  deeper'  an.  increasingly  larger  amount  of  overburden  must  be 
removed  tor  each  ton  of  ore  mineral,  simply  because  of  geometry.  Therefore  the  unit  cost 

mcrearr^fhdC:l  Ano?Pth8  ^  ‘°f  ?f  °re)’  "ke  tha‘  ™  removal  itself  tends  to 
increase  with  depth.  All  of  these  aspects  (unit  recoverable  value,  unit  production  cost  and 

unit  stripping  cost)  act  in  concert  with  the  other  factors  to  establish  a^reak-even  point  in 

o^r",?,;  f;,x  the  fr* umits  °f  a  pi«-  as  «>** 

uo  ine  final  limits  of  a  pit  change.  What  may  be  considered  final  under  one  set  of 
conditions  may  thus  be  far  from  final  under  another  set. 
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Table  33 


THE  LARGEST  OPEN-PIT  MINES  IN  THE  UNITED  STATES  IN  1967 


Waste 

Ore 

Total  Material 

Mine 

Company 

Commodity 

Stripped 

Mined 

Handled 

(millions  of 

(millions  of 

(millions  of 

tons) 

tons) 

tons) 

1. 

Bingham  (Utah) 

Kennecott  Copper  Corporation 

copper 

66.305 

33.478b 

99.783 

2. 

Peter  Mitchell  (Minnesota) 

Reserve  Mining  Company 

iron 

6.1 1 5a 

30.527 

— 

3. 

Erie  Commercial 

Erie  Mining  Company 

iron 

19.762 

29.700 

49.462 

(Minnesota) 

4. 

Morenci  (Arizona) 

Phelps  Dodge  Corporation 

copper 

28.808 

1 9.3  25b 

48.3  33 

5. 

Berkeley  (Montana) 

Anaconda  Company 

copper 

41.319 

1 5.852b 

57.171 

6. 

Eagle  Mountain  (California) 

Kaiser  Steel  Corporation 

iron 

34.860 

12.026b 

46.886 

7. 

Empire  (Michigan) 

Cleveland-Cliffs  Iron  Company 

iron 

508 

10.500 

11.008 

8. 

New  Cornelia  (Arizona) 

Phelps-Dodge  Corporation 

copper 

14.910 

10.487b 

25.397 

9. 

Pima  (Arizona) 

Pima  Mining  Company 

copper 

41.000 

9.914 

50.914 

10. 

Ray  (Arizona) 

Kennecott  Copper  Corporation 

copper 

17.826 

8.758b 

26.584 

11. 

Chino  (New  Mexico) 

Kennecott  Copper  Corporation 

copper 

23.078 

8.1 60b 

31.238 

12. 

Payne  Creek  (Florida) 

Agrico  Chemical  Company 

phosphates 

17.723 

8.154 

25.877 

13. 

Lee  Creek  (North  Carolina) 

Texas  Gulf  Sulphur  Company 

phosphates 

19.000 

8.000 

27.000 

14. 

Liberty,  Tripp,  Veteran 

Kennecott  Copper  Corporation 

copper 

25.398 

7.585b 

32.983 

(Nevada) 

15. 

Yerington  (Nevada) 

Anaconda  Company 

copper 

9.732 

7.21 2b 

16.944 

acubic  yards. 

1 966  production  is  shown  because  of  prolonged  strike  in  1967  or  because  more  recem  data  were  not  available. 


Source  of  data:  World  Alining,  Catalog,  Survey,  and  Directory  Number,  Vol.  4,  No.  7,  June  28,  1968,  pp.  124-125. 


ig.  76-  The  New  Cornelia  Mine  of  the  Phelps  Dodge  Corporation  at  Ajo,  Arizona.  One  of  the  few  large 
surface  mines  using  rail  haulage,  it  is  also  one  of  the  most  symmetrical  of  the  nation's  open  pit  mines.  Even 
here  truck  haulage  is  used  in  some  parts  of  the  mine,  primarily  in  hauling  waste  from  the  upper  levels. 


4.  Mining  by  Leaching 

Despite  the  dominance  of  traditional  underground  and  open  pit  methods  and  the  virtual 
disappearance  of  placer  mining,  there  are  other  mineral  production  methods  of  significant 
importance  in  the  mining  of  nonfuel  minerals  in  the  United  States  today.  Probably  the  most 
important  of  these  is  leaching.  Although  also  applicable  to  a  select  group  of  other  minerals 
leaching  is  presently  used  most  in  the  production  of  copper.  Regardless  of  the  specific 
minerals  being  leached,  however,  many  of  the  techniques  and  equipment  are  similar.  The 
Pf!ur  chj?ice  of  leaching  method  depends  upon  the  chemical  and  physical  characteristics 
Qi  the  specific  material  to  be  treated.  The  grade  of  the  ore,  the  solubility  of  the  minerals 
sought,  the  amount  of  acid-consuming  associated  gangue  material,  the  size  of  the  operation, 

and  the  mode  of  occurrence  of  the  ore  minerals  are  some  of  the  important  factors  to  be 
considered. 

♦  °nlyu°"e  leachin8  method  should  properly  be  considered  a  mining  method,  the  others 
actually  being  techniques  for  extracting  valuable  elements  from  rock  that  has  already  been 
removed  from  the  earth.  This  method  is  in-place  or  in-situ  leaching,  in  which  the  ore  is 
subjected  to  leaching  solutions  at  the  site  of  its  original  location  in  the  earth’s  crust. 

m-situ  leaching,  as  it  has  been  practiced  to  date,  is  normally  done  in  conjunction  with  an 
aaerground  mine  in  which  the  mining  operation  has  caused  the  caving  and  crushing  of  large 
masses  of  mineralized  ground  above  and  around  the  underground  openings.  If  a  mining 
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Fig.  77  -  The  Ray  Mine  of  the  Kennecott  Copper  Corporation  at  Ray,  Arizona.  A  mine  with  a  highly 
irregular  outline,  a  portion  is  located  over  a  former  underground  operation  in  an  area  of  irregular  terrain 
and  erratic  mineralization.  Truck  haulage  is  used  exclusively  in  the  mine,  although  crushed  ore  is  later 
jauled  by  rail  to  the  beneficiation  plant  at  Hayden,  approximately  20  miles  away.  (Photo  courtesy  of  T.J. 
McCleneghan) 


operation  has  not  been  instrumental  in  crushing  the  potential  leach  material,  it  would  then 
have  to  be  crushed  by  some  other  means,  such  as  by  contained  nuclear  blasting.  The  prior 
mine  openings  serve  also  as  a  collection  reservoir  for  the  leach  solutions  and  as  a  base  ol 
operations  for  pumping  the  leach  liquors  to  the  surface.  Had  these  subsurface  openings  not 
been  where  they  are  by  virtue  of  a  previous  mining  operation,  part  of  the  required 
development  would  be  the  sinking  of  a  shaft,  driving  of  tunnels,  and  the  cutting  of  sumps 
and  pumprooms  for  the  leach  liquor  recovery  system. 

In-place  leaching  techniques  are  applicable  to  leaching  both  oxide  and  sulfide  ores  of 
copper  and  other  metals.  The  basic  principles  involved  are  similar  to  those  for  other  types  of 
leaching.  The  leach  solutions  must  pass  downward  through  the  ore  and  contact  and  dissolve 
the  metal-bearing  minerals.  Adequate  arrangements  are  necessary  to  collect  the  resultant 
metal-bearing  liquors  without  appreciable  loss,  and  provision  usually  must  be  made  to  pump 
the  liquors  to  the  surface  where  the  metallic  content  can  be  recovered. 

Typical  of  practice  in  the  copper  industry  is  the  operation  at  Ray,  Arizona,  where 
in-place  leaching  of  copper  was  done  on  worked-out  areas  of  the  Ray  Mine.  Water  sprays 
were  moved  from  one  area  of  the  surface  to  another  to  uniformly  distribute  fresh  water  to 
the  caved  area  created  by  earlier  block  caving  operations.  This  practice  promoted  the 
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Table  34 


CEMENT  COPPER  PRODUCED  FROM  LEACHING  OPERATIONS  AT 
MAJOR  COPPER  PROPERTIES  IN  THE 
WESTERN  UNITED  STATES,  1964 


Mine 

Cement  Copper 

Copper  Sulfide 

Total 

Proportion  of 

(tons) 

Concentrates 

(tons) 

(tons) 

Cement  Copper 
(percent) 

MORENCI 

800 

128,600 

129,400 

i  0.6 

COPPER  QUEEN 

5,400 

58,200 

63,600 

8.5 

NEW  CORNELIA 

— 

70,689 

60,689 

MIAMI 

13,000 

19,000 

32,000 

41 

RAY 

9,040 

50,200 

59,240 

15 

CHINO 

27,421 

56,388 

83,809 

33 

INSPIRATION 

3,807 

19,697 

23,504 

16 

SAN  MANUEL 

— 

94,895 

94,895 

BAGDAD 

7,753 

11,878 

19,631 

40 

SILVER  BELL 

2,400 

21,200 

23,600 

10 

MISSION 

— 

52,400 

52,400 

_  , 

PIMA 

— 

30,000 

30,000 

__ 

ESPERANZA 

2,000 

•* 

19,000 

21,000 

10 

MINERAL  PARK 

— 

19,000 

19,000 

Source  ot  data:  Mining  Engineering,  October  1965. 
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oxidation  of  both  iron  pyrite  a  he  regaining  copper  minerals  and  therefore  their 
dissolution.  The  copper-bearing  lie  3  were  pumped  to  the  surface,  and  the  copper  was 
recovered  by  precipitation  with  iror 

The  Miami  mine  of  the  Miam  Jopper  Company  is  probably  the  best  example  of  a 
current  in-situ  leaching  operation.  1  e  company  is  leaching  copper  from  the  remains  of  the 
underground  orebodies  which  previously  were  mined  principally  by  block  caving  methods. 
Various  small  amounts  of  copper  remain  in  the  waste  capping,  in  the  stopes  below  the 
capping,  and  in  the  crushed  pillars  in  the  mine.  At  Miami,  acid  is  added  to  tailing  water  from 
the  precipitation  plant,  and  this  solution  is  distributed  by  sprays  onto  the  surface  area  which 
overlies  the  former  block  caving  operation.  The  leach  solution  percolates  downward  through 
600  feet  of  material,  the  bottom  1  50  feet  of  which  contains  the  mixture  of  ore  and  waste 
with  the  highest  percentage  of  copper.  The  solution  moves  from  the  surface  to  the 
1,000-foot  level  of  the  mine  within  three  to  four  weeks.  Pregnant  liquor  that  is  collected  in 
a  reservoir  on  the  1,000-foot  level  is  emptied  periodically  into  a  sump  from  which  the  liquor 
is  pumped  to  the  precipitation  plant  on  the  surface. 

Most  other  mines  in  the  copper  industry  employ  one  or  more  of  the  other  types  of 
leaching.  At  Ray,  both  in-place  and  dump  leaching  have  been  practiced.  Dump  leaching  is 
typically  used  for  low-grade  and  waste  material  stripped  from  open  pit  operations. 
Run-of-mine  ore  materials  containing  metal  in  amounts  less  than  the  existing  cutoff  grade 
(usually  0.4  percent  for  copper)  deemed  necessary  for  the  profitable  recovery  by  the  usual 
mining  and  concentrating  methods  are  leached  by  this  method. 

Most  leach  dumps  are  deposited  upon  existing  topography.  The  locations  of  the  dumps 
are  selected  to  assure  impermeable  basement  surfaces  and  to  utilize  the  natural  slope  of 
ridges  and  valleys  for  the  recovery  and  collection  of  the  pregnant  liquors.  Examples  of  this 
method  of  dump  emplacement  are  found  at  numerous  copper  leaching  operations  in 
Arizona,  Nevada,  New  Mexico,  and  Utah.  In  several  instances,  leach  dumps  have  been 
deposited  on  specially  prepared  areas.  Ground  preparation  for  dump  emplacement  varies 
from  property  to  property,  but  there  are  a  number  of  basic  similarities. 

The  original  surface  under  the  dump  areas  of  the  Anaconda  Company  at  Butte, 
Montana,  is  composed  of  from  five  to  80  feet  of  alluvium  which  has  been  deposited 
naturally  on  top  of  quartz  monzonite  bedrock.  Because  solution  loss  through  the  alluvial 
material  would  have  been  substantial,  an  impervious  pad  to  prevent  solution  loss  was 
constructed  in  steps.  First,  the  vegetation  was  removed  by  bulldozers,  and  then  the  scraped 
surface  was  graded  and  compacted  using  sheepsfoot  and  vibratory  rollers.  Second,  a 
four-inch  layer  of  crushed  slag  was  placed  on  the  surface  and  compacted  with  a  vibratory 
roller.  This  was  followed  by  a  coating  of  asphalt  primer  placed  above  the  slag,  and  then  by  a 
compacted  layer  of  asphalt  (blacktop)  placed  on  top  of  the  primed  surface  of  the  slag.  Next, 
a  thin  layer  of  asphaltic  sealant  was  blown  onto  the  surface  of  the  blacktop.  Over  this,  a 
one-foot  minimum  thickness  of  fine  pit-run  material  was  placed  on  the  asphalt  mat  to 
protect  the  surface  from  rupture  by  heavy  truck  traffic.  Finally,  a  five- to  six-foot  thickness 
ol  coarse  pit-run  material  was  placed  on  top  of  the  fine  material  to  provide  protection 
against  damage  of  the  pad  by  boulders  cascading  down  the  slope  of  the  high  dump.  All  of 
this  was  before  any  leach  material  was  placed  on  the  dump.  To  date,  the  recovery  of 
leaching  solutions  from  the  dumps  constructed  on  this  impervious  pad  has  been  very 
high.129 

In  another  situation,  with  a  different  original  surface,  the  leach  dumps  at  the  Weed 
Heights,  Nevada,  operation  of  the  same  company  were  placed  on  a  dry  lakebed  after  the 
lakebed  had  been  graded  by  bulldozers  and  compacted  by  sheepsfoot  rollers.  Dumps  in 
other  locales  have  been  constructed  on  various  types  of  bedrock  or  have  required  similar 
processes  to  construct  an  impervious  surface  on  otherwise  permeable  material.  In  a  few 
places,  waste  dumps  have  been  situated  over  old  underground  workings  and  so  have  worked 
in  conjunction  with  in-situ  leaching  and  have  not  required  an  impermeable  base. 

Leach  material,  in  most  operations,  is  hauled  from  open  pit  mines  to  dumps  by  trucks  or 
trains.  Bulldozers  are  then  used  to  level  the  surfaces  and  edges  of  the  dumps.  Large  waste  or 


477 


4^ 

-J 

oc 


Fig.  78  -  Aerial  view  of  the  leach  dump  of  the  Phelps  Dodge  Corporation  at  Bisbee,  Arizona,  in  1960, 
looking  generally  north.  The  Lavender  Pit  from  which  the  leach  material  has  been  removed  is  in  the  upper 
center  of  the  picture.  The  underground  Copper  Queen  Mine,  an  underground  operation  in  higher-grade 
replacement  deposits  in  limestone,  extends  generally  south  and  west  of  the  pit.  The  waste  dump,  with  leach 
ponds  covering  more  than  half  of  its  surface,  extends  southeastward  from  the  mine. 

- 


leaching  dumps  usually  are  raised  fts  of  from  50  to  100  feet  in  a  manner  designed  to 

keep  haulage  costs  minimal  with  ;ect  to  both  the  grade  of  ascent  required  and  the 

maximum  distance  of  haul,  as  well  to  form  a  porous  dump  favorable  for  the  percolation 
of  leach  solutions. 

The  majority  of  the  material  cv  rently  placed  on  leach  dumps  is  run-of-mine  material 
that  has  been  loaded  by  power  shovels  as  part  of  the  surface  normal  mining  operation.  The 
leach  material  therefore  includes  boulders  as  large  as  several  feet  in  diameter  and  weighing 
many  tons,  but  most  of  the  material  is  less  than  two  feet  in  diameter  and  includes  many  fine 
particles.  Leach  material  being  placed  on  dumps  at  present  is  generally  smaller  in  size  than 
that  placed  on  dumps  in  the  past.  The  reduction  in  size  is  chiefly  the  result  of  improved 
blasting  techniques  which  provide  better  rock  fragmentation. 

The  shape  of  most  leach  dumps  is  that  of  a  truncated  cone.  This  configuration  is 
developed  by  the  method  of  dump  emplacement  used  in  most  operations.  The  leach 
material  forms  a  slope  having  an  angle  of  repose  peculiar  to  the  type  and  size  of  material. 
The  tonnage  of  the  major  copper  leach  dumps  in  the  Western  United  States  varies 
approximately  from  less  than  six  million  tons  at  the  Mineral  Park,  Arizona,  operations  of 
the  Duval  Corporation,  to  four  billion  tons  at  the  Bingham  Canyon,  Utah,  operation  of 
Kennecott  Copper  Corporation.1 30 

Most  leach  dumps  settle  after  the  leach  solutions  have  been  introduced  because  the 
percolating  solutions  tend  to  transport  the  finer  particles  into  the  voids  between  the  larger 
particles  (and  thereby  compact  the  dump  as  a  whole)  and  because  the  total  weight  of  the 
dump  is  increased  by  the  weight  ot  the  solutions  which  causes  a  downward  compression  of 
the  dump.  The  disintegration  and  dissolution  of  minerals  in  the  dump,  of  course,  also  cause 
the  dump  to  settle.  Active  dumps,  therefore,  are  usually  in  movement  and  not  stable. 

The  leaching  operation  comprises  the  introduction  of  an  acid  solution  onto  the  surface 
or  into  the  interior  of  the  dumps  for  the  purpose  of  effecting  the  dissolution  of  contained 
minerals.  The  end  product  ot  the  copper  leaching  operation  is  a  pregnant  liquor  containing 
copper  in  the  torm  of  copper  sulfate.  Most  companies  recirculate  the  tailing  solutions  from 
their  precipitation  operations,  along  with  additional  makeup  water  and  concentrated 
sulfuric  acid  as  the  leach  solution.  Makeup  water  is  added  to  replenish  the  water  lost  by 
evaporation  or  seepage  during  leaching.  Sulfuric  acid  is  added  to  lower  the  pH  of  the  leach 
solution  generally  to  assure  adequate  acidity  for  dissolution  of  the  copper  minerals,  but  at 
the  same  time  to  prevent  the  destruction  ot  bacteria  in  the  dumps,  and  also  to  minimize  the 
hydrolyzation  and  precipitation  of  iron  and  other  metals  in  pipelines,  on  the  surface,  or  in 
the  interior  of  the  dumps. 

Water  added  to  the  leach  solution  normally  comes  from  several  sources,  including  wells, 
springs,  underground  mines,  or  nearby  streams.  Polluted  stream  waters  from  nearby  towns 
are  sometimes  used,  but  the  organic  material  contained  in  sewage  waters  is  considered  to  be 
a  deterrent  to  bacterial  activity  within  the  leach  dump  and  therelore  is  not  used  in  many 
leach  circuits.  Leaching  operations  require  water  that  is  less  contaminated  with  organic 
matter  than  the  waste  effluent  from  most  urban  areas. 

The  suit  uric  acid  used  in  most  ot  the  larger  leaching  operations  is  produced  and  supplied 
by  the  operating  company  itself.  In  smaller  operations  the  acid  is  obtained  from  commercial 
suppliers.  The  development  ot  contact  sulfuric  acid  plants  coupled  with  a  constant  supply  of 
high-grade  sulfur  has  simplified  the  manufacture  of  sulfuric  acid,  and  many  copper 
producers  now  make  their  own  leaching  acid. 

Leach  solutions  are  introduced  onto  or  into  dumps  by  means  of  spraying  or  flooding,  or 
through  vertical  pipes.  The  method  chosen  for  a  given  operation  is  based  on  careful 
consideration  and  knowledge  of  climatic  conditions,  dump  height,  surface  area,  mineralogy, 
scale  ot  operation,  and  size  ot  leach  material.  Leach  solutions  at  several  operations  are 
introduced  onto  the  dumps  by  various  methods  ot  spraying.  The  main  advantage  of  spraying 
is  that  it  provides  a  uniform  distribution  of  the  leach  solutions  over  the  surface  area  of  the 
dumps,  but  the  evaporation  loss  in  arid  regions  may  range  up  to  60  percent.  The  commonest 
spraying  method  involves  the  use  of  perforated  plastic  pipes.  The  Inspiration  Consolidated 
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Copper  Company  at  Inspiration,  Arizona,  and  the  Anaconda  Company  at  Weed  Heights, 
Nevada,  both  use  this  method.  The  solution  is  pumped  to  the  top  of  the  dump  through 
cement-asbestos,  plastic-lined  pipes  and  is  carried  from  the  main  distributing  lines  in  smaller, 
perforated  plastic  pipes.  The  pressure  created  in  the  pipelines  causes  the  leach  solution  to  be 
discharged  through  the  perforations  in  the  form  of  a  spray.  The  height  and  distance  of 
coverage  of  the  sprays  are,  of  course,  functions  of  the  pipeline  pressures. 

Spraying  methods  also  are  used  to  distribute  leach  solutions  over  the  slope  portions  of 
dumps,  the  tops  of  which  are  being  leached  by  flooding  methods.  In  such  spraying,  lengths 
oi  small-diameter  plastic  pipes  are  placed  on  the  slope  area  from  the  top  to  the  base  of  the 
dumps.  Proper  coverage  of  the  slope  area  is  extremely  difficult  because  the  solutions  tend  to 
iuisn  channels  down  the  slope  and  flow  rapidly  from  the  slopes  without  penetrating  the 

surface.  Large  tonnages  of  material  on  the  slope  face,  therefore,  are  not  usually  contacted 
by  the  leach  solutions. 


At  some  properties,  leach  solutions  are  introduced  onto  the  dumps  by  flooding  or 
ponding,  i.e.,  by  forming  furrows,  ditches,  ponds,  or  channels  on  the  dump  surface  by 
bull-dozers  or  front-end  loaders.  The  leach  solutions  are  channeled  into  these  conduits  and 
allowed  to  build  up  to  a  certain  depth  in  order  to  create  a  substantial  flow  of  solution  onto 
the  dumps.  In  actual  practice,  a  section  of  a  dump  is  flooded  with  leach  solution  until  such 
time  as  the  copper  content  of  the  pregnant  liquor  obtained  from  the  section  falls  below  a 
predetermined  percentage.  The  flooding  then  is  discontinued  on  that  section  and  begun  on 
another.  Alternating  periods  of  wetting  and  drying  of  leach  dumps  apparently  produces  the 
most  efficient  dissolution  and  removal  of  copper  from  the  leach  material. 

Probably  the  newest  method  of  solution  introduction  is  that  practiced  at  the  Butte 
Montana  operation  of  the  Anaconda  Company.  The  leach  solution  is  introduced  through 
per  orated  plastic  pipes  into  the  interior  of  the  dumps.  Six-inch  churn-drill  holes  are  drilled 
at  the  intersections  of  a  1 00-foot  grid  pattern  and  cased  to  a  depth  of  about  two-thirds  the 
dump  height.  A  four-inch  perforated  plastic  pipe  is  then  placed  inside  the  casing  over  the 
entire  depth  of  each  hole,  and  the  casing  is  removed.  Leach  solution  Hows  to  the  dump  area 
rom  solution  reservoirs  at  a  higher  elevation.  Ditches  are  provided  along  the  drilling  grid 
ines  to  permit  the  solution  to  flow  into  the  top  of  the  plastic  pipes  and  down  the  drillholes. 

ie  me  Prorn°tes  a  greater  distribution  of  air  and  leach  solution  within  the  dumps.  The 
s  ope  areas  of  the  high  dump  at  the  Butte  operation  are  also  wetted  with  leach  solution 
through  cased  chum-drill  holes  that  have  been  drilled  on  side-slope  roads  constructed  by 
bulldozers.  The  entire  operation  might  almost  be  termed  a  type  of  secondary  solution 


(  losely  akin  to  dump  leaching  is  heap  leaching.  This  method  is  used  to  dissolve  metallic 
minerals  from  porous  oxide  ores  that  have  been  placed  on  a  prepared  surface.  Heap  leaching 
contrasts  with  dump  leaching  principally  in  that  ore  material  is  leached  rather  than  waste 
material.  I  his  method  is  not  readily  applicable  to  the  dissolution  of  high  concentrations  of 
copper  sulfide  minerals  or  to  ores  containing  large  amounts  of  carbonates  or  other  acid 

rmining  metlfod  mCralS  ^  ^  faCt’  ^  ^  effect’  a  beneficiation  method  rather  than 

Even  more  an  advanced  processing  method  than  a  beneficiation  method  is  vat  leaching 
I  his  method  is  used  in  preference  to  heap  leaching  if  the  ore  material  is  not  porous  and 
crushing  is  necessary  to  permit  adequate  contact  between  the  leach  solution  and  the 
minerals  to  be  dissolved.  Despite  the  increased  costs  necessary  for  crushing  and  screening 
numerous  advantages  are  obtained  by  vat  leaching  in  copper  production.  Higher  copper 

neXeMpln  SH°thter  Pen°ds  (than  heap  Ieaching)  is  realized.  Pregnant  liquor  losses  are 

thf  rf™  ’  anV*h,e  CA°PPeJ  clontent  of  the  P^gnant  liquor  is  usually  much  higher,  permitting 
the  recovery  of  the  dissolved  copper  by  means  other  than  precipitation  by  iron. 

In  the  United  States  today,  copper  is  recovered  from  leach  liquors  almost  entirely  bv 

™Cans° T  Precipitati°n  by  scrap  iron.  Copper  in  the  vat  leach  liquors  at  the  Inspiration 

Othw  mdtth  5°PPfer  Com?any  plant  m  Arizona  is  recovered  by  electrolytic  deposition 

develope  d t  dS  °  precipitatlon  have  been  suggested  and  tried,  and  more  are  being 
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5.  Solution  Minin# 

Closely  related  to  the  leaching  ol  turbed  metal-bearing  rock  as  a  mining  method  is  the 
technique  known  as  solution  mining  in  solution  mining  methods,  water  is  injected  into 
subterranean  salt  deposits,  forming  ai  artificial  brine  which  is  pumped  to  the  surface,  where 
the  salt  content  is  removed  and  utilized.  About  two-thirds  of  domestic  salt  (sodium 
chloride)  output  is  produced  by  introducing  water  into  a  cavity  in  the  salt  deposits  and 
removing  the  brine.  This  procedure  is  relatively  simple  and  has  particular  advantage  when 
the  salt  is  to  be  used  as  a  brine,  as  in  chemical  uses  such  as  soda  ash  and  caustic 
manufacture. 

In  the  solution  mining  of  sodium  chloride,  holes  are  drilled  through  the  overburden  into 
the  deposit  and  cased  with  iron  pipe.  Water  is  introduced  into  the  deposit  through  a  smaller 
pipe  inside  the  casing.  A  nearly  saturated  brine  is  formed  in  the  cavity  at  the  foot  of  the 
pipe.  This  brine  is  pumped  or  airlifted  through  the  annular  space  between  the  two  pipes. 

Numerous  techniques  have  been  developed  to  control  the  shape  of  the  cavity  so  tha  i 
saturated  brine  will  be  formed  and  so  that  the  eventual  subsidence  and  caving  of  the  cavil;/ 
will  result  in  the  least  damage  to  the  well.  Most  of  these  techniques  involve  positioning  I 
the  water  intake  and  brine  exit  pipes  in  the  cavity  and  the  employment  of  a  cushion  of 
to  control  the  degree  of  contact  between  the  solvent  and  the  salt  formation.  After  adjacent 
wells  have  been  operated  one  or  two  years,  their  cavities  may  become  connected.  When  this 
occurs,  the  usual  practice  is  to  introduce  water  into  one  well  and  remove  brine  from  th  5 
other. 

In  recent  years,  hydraulic  fracturing  techniques  have  been  used  to  form  channels 
between  wells.  First  developed  by  oil  producers  to  increase  petroleum  output,  the:  j 
techniques  were  adapted  with  great  success  to  the  solution  mining  of  salt  and  resulted  i  1 
increased  efficiency.  With  this  technique,  a  series  of  wells  is  drilled  to  the  base  of  a  salt 
formation.  The  wells  are  made  to  interconnect  by  injecting  water  under  high  pressure  into 
one  of  the  wells  and  continuing  to  pump  water  into  the  ground  until  a  fracture  occurs  to  i 
nearby  well  or  wells.  In  the  mining  operation,  fresh  water  is  introduced  into  one  well  an! 
saturated  brine  is  removed  from  the  others. 

The  cavities  developed  in  salt  mines  both  by  dry  mining  and  solution  mining  techniques 
have  been  found  to  be  admirably  adapted  as  storage  vaults.  Rock  salt  normally  has  strength 
enough  to  support  itself  over  moderate  spans  without  danger  of  collapse.  Salt  formations 
have  good  thermal  conductivity  and  are  relatively  impervious  to  seepages  of  water,  so  that 
the  cavities  formed  by  mining  have  an  even  temperature  and  relatively  low  humidity.  The 
principal  rock-salt  areas  in  the  United  States  have  a  good  record  of  earthquake  stability  and, 
therefore,  the  storage  of  petroleum  products  and  radioactive  wastes  in  salt  cavities  is  said  to 
be  economical  and  safe.  Furthermore,  many  of  the  physical  and  chemical  properties  of  salt 
beds  are  well  adapted  to  the  storage  of  hot  chemical  materials  in  liquid  form. 1 3 1 

Solution  mining  has  also  been  applied  to  potassium  minerals  and  other  soluble  salts 
occurring  in  deposits  too  deep  for  surface  operations.  In  some  cases  the  minerals  are  already 
in  brine  form  and  mining  simply  consists  of  tapping  the  brine  formation  and  removing  the 
mineral-bearing  water.  To  date,  the  method  has  been  restricted  mostly  to  non-metallics  that 
are  highly  soluble,  but  proposed  nuclear  blasting  followed  by  in-situ  leaching  may  expand 
the  method  to  base  metals  as  well.  Some  work  has  already  been  done  in  the  solution  mining 
of  uranium.  While  still  largely  in  the  experimental  stage,  solution  mining  has  been 
demonstrated  to  be  a  workable  production  method  for  uranium  when  applied  under  proper 
conditions.  Where  it  has  been  mined  successfully  by  solution  methods,  the  uranium  ore 
occurred  in  a  generally  horizontal  bed  underlain  by  a  relatively  impermeable  stratum.  In 
addition,  the  uranium  ore  occurred  below  the  static  water  table,  and  the  direction  and 
volume  of  regional  water  flow  were  known.  Where  the  solution  mining  of  uranium  has  been 
successful,  the  mineral  content  of  the  area  was  more  than  sufficient  to  repay  the  costs  of  the 
entire  operation.  Solution  mining  has  not  been  an  inexpensive  process  and  should  not  be 
considered  as  a  scavenging  operation. 1 3  2 
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In  the  solution  mining  of  uranium  that  is  under  development  in  the  Shirley  Basin  in 
Wyoming,  the  well  pattern  consists  of  three  inflow  wells  located  about  25  feet  upstream 
rom  a  centrally  located  production  well.  Stainless  steel  screens  are  placed  in  the  wells  at  the 
ore  formation  and  cemented  off  and  cased  to  isolate  the  ore  from  other  horizons.  The  wells 
are  developed  by  high-pressure  jets  to  take  a  satisfactory  rate  of  flow.  Leaching  is  started  by 
injecting  the  three  upstream  inflow  wells  with  sulfuric  acid  at  the  same  time  that  pumping  is 
started  m  the  downstream  production  well.  A  given  area  may  require  from  one  to  several 
months  of  pumping,  depending  largely  on  the  amount  of  uranium  present  and  the  rate  of 
pumping  that  is  possible.  Recoveries  are  difficult  to  estimate,  with  little  experience  to  date 
but  indications  are  that  overall  recoveries  will  equal  or  exceed  that  of  underground  mining’ 
Costs  from  this  method  have  been  found  to  be  lower  than  those  which  had  been 
previously  experienced  in  underground  mining  operations  in  the  same  district.  Furthermore 
a  lower  capital  investment  is  required  than  with  ordinary  underground  mining  Another 
advantage  is  increased  safety,  inasmuch  as  many  of  the  usual  hazfrds  (including  radiation 
eliminated11  UramUm  mimng)  involved  in  excavation,  either  on  surface  or  underground,  are 


6.  Frasch  Process  Sulfur  Mining 

Another  method  of  mining  that  is  similar  in  many  respects  to  solution  mining  is  the 

77  P™c^sused  ln,sulfur  mining-  Almost  all  of  the  native  sulfur  now  being  produced  in 
hie  United  States  is  mined  by  the  Frasch  hot-water  process  from  salt  dome  sulfur  deposits 
Only  very  small  quantities  are  mined  by  open  pit  from  near-surface  deposits 

1  he  idea  behind  the  Frasch  process  is  extremely  simple.  Very  hot  water  under  pressure 
pumped  through  a  drill  hole  from  the  surface  can  melt  sulfur  in  place  so  that  it  will  flow  and 

has  beeeCnaanerld°  ^  T  “TT*  air'  ln  P‘acti“< the  P™ess  is  more  difficuU  and 
has  been  applied  successfully  to  only  a  few  deposits.  Of  the  230  or  more  salt  domes  known 

7L°7' 1|iQfina'nd-ireXnaS’  °nly  If  1ave  been  producers  of  sulfur.  Of  these,  ten  were  active  in 
mid-1960s.  To  be  mineable  by  the  Frasch  process,  the  sulfur-bearing  formation  must 

have  some  porosity  to  permit  entrance  of  hot  water,  but  the  enclosing  structure  must  be 

surrounding6 ground^  ‘°  **  m°lten  SU'fUr  3"d  Water  fr0m  being  lost  to  the 

In  the  development  of  a  Frasch  process  mine,  wells  are  drilled  through  the  sulfur  zone  to 

bar.r77  ydflte  b7  7n7  deP*hs  m  ‘he  United  States  have  ranged  from  400  to  3,000 
feet.  The  wells  are  drilled  with  a  rotary  rig,  similar  to  those  used  in  the  petroleum  industry 
and  are  equipped  with  concentric  pipes  ranging  in  size  from  one  to  eight  inches  in  diameto 

ii!ynfCh  ,ln  at7  7y  have  a  Slx->nch  pipe  to  the  barren  anhydrite.  This  pipe  has  two 
sets  holes  near  the  bottom  which  are  separated  by  an  internal  collar.  A  three-inch  pipe 

Xhe^coHa^seils  dT"*  7®  reStS  0"klk  CO“ar  ”ear  the  bottom  of  the  sulfur  f°rmafion. 
thrL  n  U  annular  space  between  two  pipes.  The  one-inch  pipe  inside  the 

three-inch  pipe  reaches  nearly  to  the  collar. 

watelI  to  be  inJected  into  the  sulfur-bearing  formation  is  heated  to  325  degrees  to 
340  degrees  F  at  the  plant,  but  this  is  reduced  to  320  degrees  to  325  degrees  F  in  the  field 

possible  °forWahearf,tmPefratUre  ‘S  imi7tant  because>  although  the  water  should  be  as  hot  as 
posable  for  heat  transfer  reasons,  above  318  degrees  F  the  viscosity  of  sulfur  increases 

en  y  causing  sulfur  removal  problems.  The  volume  of  water  used  per  ton  of  sulfur 
3  000  I' II  ra"geS  I°m  leSS  tha"  ''50°  gaIlons  Per  ton  in  a  highly  efficient  mine  to  I  500  to 
P-  ton8,,,  aTeaMesTfavom^  d"""  °Perati°n'  “  may  ran  38  high  35  7.^0  gallons 

normal  y  used  at  the  wells.  The  depth  of  the  well,  the  length  of  the  surface  line  the  porosity 
7  ■  ^^Ifhr-bearmg  formation,  and  the  volume  of  water  used  are  all  related  to  the  pressure 
needed.  The  hot  water  under  pressure  is  transported  to  the  ore  horizon  between  the  six-inch 
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and  three-inch  pipes  and  enters  th  fur  formation  through  the  upper  set  of  holes  above 

the  collar.  The  liquid  sulfur,  bein^  avier  than  water,  settles  to  the  bottom  around  the 
six-inch  pipe.  Liquid  sulfur  enters  \  pipe  through  the  lower  set  of  holes  below  the  collar 
and  is  forced  into  the  space  betw  n  the  three-inch  and  one-inch  pipes  by  hydrost;  -ic 
pressure.  Compressed  air  entering  th  liquid  sulfur  through  the  one-inch  pipe  decreases  the 
density,  and  the  column  of  fluid  sulfur  rises  to  the  surface.  Bleeder  wells  are  used  to  remove 
cool  water  in  order  to  make  room  for  the  hot  water  being  piped  into  the  dome. 

Air  compressors  delivering  pressures  of  500  to  600  pounds  per  square  inch  are  used  in 
the  Frasch  process.  The  depth  of  the  well,  the  length  of  air  line,  and  the  pumping  rate  cause 
pressure  variations  from  one  well  to  another.  It  normally  requires  from  500  to  900  cubic 
feet  of  air  to  mine  a  long  ton  of  sulfur. 

Liquid  sulfur  reaching  the  surface  is  discharged  into  steam-heated  tanks  at  relay  stations. 
The  same  relay  stations  also  conduct  the  flow  of  air  and  water  to  the  wells.  After  being 
metered,  the  sulfur  is  pumped  through  steam-heated  lines  either  to  storage  vats,  when  it 
cools  and  solidifies,  or  to  liquid  storage  tanks.  Shipments  of  either  solid  or  liquid  can  be 
made  by  rail,  road,  inland  waterways,  or  ocean.  Approximately  85  percent  of  the  deliveiies 
of  sulfur  to  domestic  markets  in  the  mid-1 960’s  were  in  liquid  form. 

The  removal  of  large  quantities  of  sulfur  from  a  given  deposit  may  have  several  effects. 
The  formation  of  voids  and  cavities  in  the  rock  may  increase  the  water-to-sulfur  ratio  and 
thereby  increase  the  cost  of  production.  In  addition,  subsidence  may  distort  or  break  the 
pipe  in  the  wells  and  disturb  surface  installations  in  the  immediate  area.  These  effects  can  be 
partially  offset.  In  order  to  reduce  hot  water  requirements,  the  voids  and  crevices  are 
sometimes  tilled  with  special  mud.  Subsidence  resulting  from  the  removal  of  large  amounts 
of  sulfur  can  be  advantageous  in  that  it  fills  voids,  thereby  eliminating  the  necessity  or 
filling  them  with  mud. 1  3  3 

7.  Beneficiation  Practice 

At  the  present  time  virtually  all  nonfuel  minerals  beneficiation  in  the  United  Stabs 
involves  some  type  of  crushing  in  which  lumps  of  material  from  the  mine  are  first  crushed 
by  primary  gyratory  or  jaw  crushers.  Intermediate  crushers,  either  cone  or  roll  crushers,  aie 
used  to  further  reduce  the  ore  particles  to  approximately  one-fourth  inch  to  three-fourl  i 
inch  in  size.  Crushing  is  normally  followed  by  grinding  where  some  type  of  concentration  is 
to  be  performed.  Fine  grinding  is  most  frequently  done  in  a  modified  cylindrical  mill 
rotating  on  a  horizontal  axis  and  containing  steel  balls,  rods,  or  ceramic  pebbles  as  a  grinding 
medium.  Depending  on  the  grinding  medium  used,  these  are  called  ball  mills,  rod  mills,  or 
pebble  mills. 

In  order  to  size  the  crushed  and  ground  particles,  two  methods  are  now  commonly  used. 
Crushed  material  is  usually  passed  through  screens  for  sizing  in  an  essentially  dry  process, 
while  ground  material  is  usually  passed  through  classifiers,  an  essentially  wet  process.  Drag 
and  spiral  classifiers  have  been  displaced  by  cyclone  classifiers  in  many  of  the  newer  or 
remodeled  mills.  Cyclones  are  small,  relatively  simple  machines  with  no  moving  parts,  and 
they  require  only  a  fraction  of  the  floor  space  needed  for  conventional  classifiers  of 
equivalent  capacity.  Since  they  are  based  on  the  action  of  centrifugal  force  rather  than 
gravity,  however,  they  require  more  power. 

Despite  the  prevalence  of  froth  flotation,  gravity  concentration  methods  effecting  a 
mineral  separation  by  virtue  of  differences  in  mineral  densities  are  still  widely  employed. 
Current  methods  used  to  upgrade  various  ores  are  jigging,  heavy-media  separation,  tabling, 
and  spiral  separation.  Jigging  depends  upon  the  differences  in  settling  rates  of  minerals  in 
water  as  they  are  carried  over  and  through  a  screen  bed  subjected  to  a  vertical  pulsating 
action.  Heavy-media  methods  are  based  on  the  principle  that  solid  particles  will  float  in  a 
fluid  medium  if  the  medium  has  a  higher  density,  but  particles  with  a  greater  density  than 
the  medium  will  sink.  In  practice,  the  media  used  are  commonly  thick  pulps  of  finely 
ground  material  such  as  ferrosilicon,  magnetite,  galena,  or  sand  suspended  in  water. 
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Fig.  79  -  Beneficiation  of  iron  ores  mined  in  the  United  States  today  is  far  more  complex  than  in 
previous  decades.  Lower-grade  ores  and  different  metallurgical  processes  have  made  new  demands  on 
beneficiation  technology  and  equipment  and  on  the  space  required  for  them. 


Jigging  and  heavy-media  mineri  •aration  methods  are  applicable  to  material  that  has 

been  crushed  to  48  mesh  (0.012  in*  ameter)  or  larger.  In  present  practice,  the  maximum 
particle  size  is  about  three  inches  jnsiderable  gravity  differences  must  exist  between 
minerals  for  effective  separation  at  <•  mesh,  and  coarser  feed  is  therefore  necessary  for  ore 
in  which  the  various  minerals  have  lall  density  differentials.  Mineral  sizing  is  thus  very 
important'  for  effective  separation  using  jigs,  although  heavy-media  methods  require  no 
preliminary  sizing  except  for  the  removal  of  untreatable  undersize.  Jigging  is  effective  if  the 
minerals  to  be  separated  have  a  specific  gravity  difference  of  0.5  or  more,  although  closely 
sized  tractions  of  feed  treated  on  separate  jigs  may  have  a  gravity  differential  of  as  little  as 
0.25.  Heavy-media  methods  can  make  an  effective  separation  between  particles  having  a 
specific  gravity  of  about  3.5  or  less  (usually  gangue  minerals)  and  those  that  are  heavier 
(usually  ore  minerals). 

Tabling  is  applicable  to  ore  having  fine  particle  sizes.  The  optimum  size  of  material  for 
this  method  of  gravity  concentration  ranges  from  ten  mesh  (0.065  inch  in  diameter)  to  100 
mesh  (0.0058  inch  in  diameter).  A  specific  gravity  difference  between  minerals  to  be 
separated  is  usually  at  least  0.5,  but  departures  from  both  specific  gravity  differentials  and 
size  range  are  sometimes  effectively  tolerated  if  the  feed  size  is  classified  between  narrow 
limits.  Tabling  now  occupies  a  minor  role  in  the  scheme  of  mineral  dressing  for  metalliferous 
ores  because  the  troth  flotation  process  is  generally  more  efficient  in  treating  particle  sizes 
smaller  than  35  mesh  (0.016  inch  in  diameter).  Nevertheless,  tabling  is  still  useful  for 
concentrating  tungsten  minerals  and  the  heavy  minerals  found  in  beach  sand  deposits. 

The  Humphreys  spiral  is  a  flowing-film  type  of  gravity  concentrator  now  used 
extensively  in  iron  ore  beneficiation.  It  consists  of  a  trough  which  is  wound  into  a  spiral  and 
stands  in  a  vertical  position.  Concentration  is  made  on  a  dilute  ore-water  mixture  which  is 
fed  into  the  top  of  the  trough  and  allowed  to  spin  down  through  it.  The  heavier  minerals 
settle  quickly  to  the  bottom  of  the  trough,  while  the  lighter  mineral  particles  tend  to  ride  up 
on  the  outer  side  of  the  spiral.  The  lighter  minerals  are  discharged  at  the  lower  end  of  the 
trough,  while  the  heavier  minerals  are  collected  in  ports  along  the  inner  side  of  the 
spiral.  1 34  Many  ores  today  contain  finely  disseminated  metalliferous  minerals  and  require 
fine  grinding  to  secure  their  liberation.  Fine  particles  have  large  surface  areas  relative  to  their 
mass  and  their  surface  energy  characteristics  therefore  dominate  their  mass  characteristics  so 
that  the  particles  respond  poorly  to  gravity.  For  these  reasons,  froth  flotation  has  become 
the  most  commonly  used  concentration  method  for  nonferrous  metal-bearing  ores. 

Froth  flotation  is  a  concentration  technique  in  which  finely  ground  mineral  surfaces  are 
treated  to  effect  their  wettability.  Mineral  particles  whose  surfaces  have  been  made 
non-wettable  are  held  at  the  water  surface  by  surface  tension  forces  while  those  minerals 
with  wettable  surfaces  do  not  tend  to  float.  Since  flotation  is  dependent  upon  different 
surface  characteristics,  several  groups  of  chemical  reagents  are  required  to  effect  mineral 
separation.  Reagents  are  divided  into  collectors,  frothers,  depressors,  activators,  and 
collectors.  Collectors  are  chemical  reagents  which  react  with  the  surface  of  a  mineral  particle 
to  produce  an  air-greedy  surface.  Frothers  are  added  to  the  fluid  pulp  to  prevent  the 
mineral-coated  air  bubbles  from  breaking  prematurely.  Depressors  are  often  added  to  the 
pulp  to  react  with  the  surfaces  of  minerals  to  prevent  their  flotation.  Activators  react  with 
the  mineral  surfaces  to  make  the  collectors  more  reactive  in  adhering  to  selected  mineral 
particles.  Conditioners  are  chemicals  added  to  flotation  pulps  to  regulate  their  acidity  or 
alkalinity. 

Magnetic  concentration  methods  depend  upon  the  differences  in  magnetic  properties  of 
minerals  to  effect  their  separation.  Magnetite  is  the  predominant  iron-bearing  mineral 
concentrated  by  these  methods,  because  it  is  naturally  attracted  to  a  magnet.  Other 
non-magnetic  iron-bearing  minerals  are  sometimes  heated  in  a  roaster  to  induce  magnetic 
properties  which  make  them  amenable  to  magnetic  separation. 

Electrostatic  separation  of  minerals  is  based  on  the  principle  that  like  charges  repel  and 
unlike  charges  attract.  In  this  concentration  method,  small  particles  of  dry  ore  are  charged 
as  they  fall  through  a  field  of  high-voltage  direct  current  electricity  of  between  18,000  and 
80,000  volts.  Conducting  minerals  become  polarized  and  lose  their  electrons  easily,  and  thus 
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Fig.  80-  The  beneficiation  and  advanced  processing  of  copper  ore  today  involves  more  alternatives  than  at 
any  previous  time,  and  various  methods  and  processes  may  be  used  on  minerals  from  the  same  deposit. 


become  positively  charged,  and  th  >re  are  repelled  by  the  positive  side  of  the  field. 
Insulating  or  dielectric  minerals  bee-  polarized,  but  do  not  lose  electrons,  and  therefore 
are  attracted  to  the  positive  side  of  field.  Semi-conducting  minerals  become  polarized, 
but  lose  their  electrons  at  a  slowe.  ate  than  conducting  minerals,  and  eventually  are 
repelled  by  the  positive  side  of  the  eld.  Such  methods  are  often  used  in  gaseous  waste 
control  as  well  as  in  beneficiation. 

In  the  beneficiation  of  industrial  minerals,  many  of  the  methods  and  equipment  used  are 
similar  to  those  used  in  treating  metallic  ores.  In  treating  industrial  minerals,  as  in 
metalliferous  minerals,  only  materials  with  high  unit  values  can  economically  survive 
expensive  processing.  As  a  result,  many  commodities  are  subjected  only  to  simple  sizing  and 
cleaning  operations  while  others  may  undergo  long  and  complex  procedures  in  which 
beneficiation  and  more  advanced  processing  operations  are  combined. 

Asbestos  is  actually  a  commercial  term  applied  to  several  naturally  fibrous  minerals 
including  chrysotile,  crocidolite,  amosite,  anthopyllite,  tremolite,  and  actinolite.  These 
minerals  have  different  chemical  and  physical  properties.  Virtually  all  of  the  asbestos 
production  in  the  United  States  and  about  95  percent  of  the  world  supply  is  chrysotile 
asbestos.  Chrysotile  is  marketed  as  either  crude  or  milled  fiber,  and  crude  is  defined  as 
hand-cobbed  vein  material  essentially  in  its  native  or  rock-like  form. 

The  beneficiation  methods  used  with  chrysotile  asbestos  generally  consist  of  repetitive 
crushing  and  screening  and  the  removal  of  the  freed  fiber  after  each  stage  by  air  suction 
hoods.  In  this  manner,  the  chrysotile  fibers  are  teased  out  of  the  rock  with  a  minimum  of 
abrasion  and  cutting  of  the  fibers.  In  milling  chrysotile,  the  long  fibers  are  conserved  by 
every  possible  means,  because  they  are  the  most  valuable.  For  example,  Group  Number  3 
grade  of  asbestos,  which  is  a  milled  spinning  fiber,  sold  in  1965  for  prices  ranging  between 
$345.00  and  $750.00  per  ton.  The  higher  price  was  paid  for  fibers  without  iron  impurities. 
In  comparison,  the  price  for  Group  Number  7  fibers  was  between  $40.00  and  $90.00  per 
ton.  Group  Number  7  includes  milled  short  or  refuse  fiber.  Special  milling  techniques  have 
been  developed  for  matted  short-fiber  chrysotile  which  includes  wet  grinding  and  filtering, 
with  the  filtering  used  to  collect  the  fiber  which  has  been  suspended  in  water. 

Asbestos  is  delivered  to  the  user  as  crude,  unopened  fibers,  as  half-opened  fibers,  and  as 
fully  opened  mill  Fibers.  In  any  event  the  fibers  must  be  separated  or  opened  before  they 
can  be  used.  Opening  the  fibers  in  some  cases  also  separates  adhering  or  inclosed  gangue 
minerals.  Therefore,  the  advanced  processes  which  asbestos  must  undergo  before  it  is  made 
into  a  useful  product  are  opening  and  cleaning.  These  are  done  in  a  variety  of  specialized 
machines,  all  designed  to  meet  the  market  requirements  for  the  finished  product  within  the 
constraints  imposed  by  the  nature  of  the  raw  material.  Other  minerals  used  in  construction 
are  treated  similarly. 

A  large  quantity  of  high-grade  gypsum  is  and  has  been  available  in  the  United  States  at  a 
relatively  low  price.  In  the  mid-1960’s,  the  average  price  for  crude  gypsum  was  about  $4.00 
per  ton,  and  under  the  circumstances  little  attempt  has  been  made  to  beneficiate  low-grade 
gypsum.  Nearly  30  percent  of  the  gypsum  produced  in  the  United  States  is  used  as 
uncalcined  gypsum,  and  uncalcined  gypsum  requires  only  crushing  and  grinding,  followed 
only  by  screening  and  classification. 

Gypsum  is  generally  crushed  in  two  stages.  In  the  first  stage,  jaw  or  gyratory  crushers  are 
used  to  reduce  the  crude  ore  to  minus  three-inch  size.  In  the  second  stage,  hammer  mills  or 
roll  crushers  reduce  the  ore  to  half-inch  size,  which  is  suitable  for  the  rotary  calcining  kiln  or 
the  fine  grinding  circuit.  Various  types  of  pulverizing  equipment  including  tube  mills, 
hammer  mills,  and  rolls  are  used  for  fine  grinding  gypsum.  Grinding  may  take  place  before 
or  after  calcination,  depending  upon  the  calcination  process  used. 

In  a  few  localities,  gypsum  is  upgraded  with  heavy-media  separation  equipment. 
Flotation  methods  have  also  been  used  to  free  gypsum  from  silica  if  silica-free  gypsum  is 
required  for  special  glass  or  ceramic  use. 

Limestone  undergoes  both  beneficiation  and  advanced  treatment  processes  similar  to 
gypsum,  depending  of  course  on  whether  the  end  product  is  for  cement  manufacture. 
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agiicultural  or  chemical  lime,  metallurgical  flux,  direct  use  in  construction,  or  one  of  the 
other  uses  of  limestone,  and  also  depending  upon  the  physical  and  chemical  characteristics 
of  the  raw  limestone.  For  direct  construction  and  some  agricultural  and  metallurgical  uses 
ic  run-of-mine  limestone  is  simply  sized  and  cleaned.  In  producing  lime  and  cement  the 
crude  rock  must  also  be  calcined,  i.e.,  heated  to  drive  off  water  and  carbon  dioxide. 

8.  Advanced  Processing  of  Industrial  Minerals 


The  treatment  of  many  industrial  minerals  destined  for  use  as  chemical  raw  materials 
combines  both  beneficiation  and  advanced  processing.  Such  minerals  include  phosphate 
potash,  and  the  various  sodium  compounds. 

Some  of  the  phosphate  rock  produced  in  the  United  States  is  of  suitable  grade  as  it 
comes  from  the  mine,  but  a  great  deal  of  domestic  phosphate  rock  must  be  treated  by 
was  ung,  flotation,  and  other  methods.  Washing  is  accomplished  by  using  log  washers 
screens,  various  types  of  classifiers,  and  mills  to  disintegrate  clay  and  other  fine  materials’ 
fine  granular  material  is  treated  in  flotation  cells,  spirals,  cyclones,  cones,  or  tables.’ 

Concentrated  phosphate  rock  is  then  dried  and  marketed  or  sent  to  advanced  processes  for 
chemical  treatment. 

Potassium  compounds  are  recovered  in  the  United  States  as  solids  from  salt  beds  and 
horn  brines.  About  90  percent  of  domestic  production  comes  from  the  large  salt  beds  of 
Southeastern  New  Mexico.  The  potassium-bearing  minerals  of  current  economic  value  are 
carnahte kaimte langbeinite,  niter,  and  sylvite.  The  major  ore  from  the  underground  mines 

Zutel sodlu^chlorideTd1?  SylVMte’  WhiCh  iS  3  miXtUre  °Ssylvite  (P°taSsium  chloHde>  a"d 
Two  basic  methods  of  ore  treatment,  notation  and  fractional  crystallization,  are  used  in 

frnTm  Sha<?>  NeW  M6™0’ afea  to  recover  ‘he  sylvite  from  the  ore.  The  sylvite  is  separated 
rom  the  halite  in  a  brine  that  has  been  saturated  with  both  sodium  and  potassium  chlorides 
by  either  floating  or  depressing  the  potassium  mineral.  In  the  process,  the  crude  sylvinite  is 
mixed  with  the  saturated  brine  to  remove  most  of  any  clay  impurities  that  may  be  present 
Then  a  notation  reagent  is  added  and  the  pulp  is  sent  to  notation  cells  where  the  sylvite  is 

ysissssss*  ““  *—  *  •— » ■  - «- 

Fmctmna!  cry^Hiz.fion  is  also  more  than  a  simple  physical  process  and  is  based  on  the 
different  solubHUes  of  sodium  chloride  and  potassium  chloride  in  a  saturated  sodium 
chloride  brine  In  the  treatment,  such  a  brine  selectively  dissolves  the  potassium  chloride 
he  brine  is  then  cooled,  and  the  potassium  chloride  is  crystallized  as  a  99  percent  pure 
P^ct -  Langbeinite,'  another  potassium  salt  produced  in  the  Carlsbad  area,  is  separated 
rom  halite,  its  principal  impurity,  by  a  similar  process  involving  the  selective  solution  of 
halite.  Potassium  compounds  are  recovered  from  brines  by  evaporation  and  fractional 
crystallization  which  involves  the  separation  of  sodium  salts  in  triple-effect  evaporators 
leaving  a  hot  liquor  rich  in  both  potash  and  borax.  Rapid  cooling  under  a  vacuum  then 

causes  the  potassium  salts  to  crystallize,  and  they  are  subsequently  removed  by  either 
settling  or  centrifuging. 1  36  ^ 


Sodium  compounds  mined  in  the  United  States  are  processed  in  a  variety  of  ways.  Most 
sa  t  (sodium  chloride)  produced  by  underground  mining  receives  no  treatment  other  than 
the  removal  of  tramp  iron  (usually  blasting  wire)  with  magnetic  separators,  plus  some 
crushmg  and  size  grading.  Evaporated  salt  produced  from  sea  water  and  from  natural  or 

fuel IC,a  bnneS  ^  pr0CeSSCd  by  solar  evaP°ration,  as  well  as  by  evaporation  with  the  use  of 

in  the  solar  evaporation  method  of  producing  salt,  the  first  step  involves  flooding  a 
concentrating  pond  with  salt-bearing  water  and  letting  it  evaporate  until  it  reaches  a  specific 
density.  As  the  brine  reaches  the  desired  density,  most  of  the  calcium  and  iron  compounds 
precipitate  and  the  bnne  is  then  transferred  to  a  crystallizing  pond.  In  the  crystallizing  pond 
the  brine  is  further  concentrated  to  a  greater  density,  at  which  point  virtually  nothing  but 
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Fig.  81  •  Cement  plant  in  the  Southwest.  The  manufacture  of  cement  has  become  one  of  the  major  uses 
of  limestone  produced  in  the  West.  Such  use  is  strongly  related  to  local  market  conditions.  It  requires  that 
raw  limestone  and  other  industrial  minerals  of  proper  characteristics  and  suitable  location  be  subjected  to 
both  beneficiation  and  advanced  processing  treatment. 


sodium  chloride  is  deposited  on  the  flat,  smooth  bottom  of  the  pond.  As  further 
concentration  of  the  brine  beyond  a  particular  point  causes  an  excessive  crystallization  of 
magnesium  salts,  the  remainder  of  the  brine  ( bittern )  is  either  wasted  or  further  treated  for 
the  recovery  of  magnesium  and  bromine  compounds. 

The  salt  is  removed  from  the  crystallizing  pond  once  a  year  by  specially  designed 
machines  and  delivered  to  a  washing  plant.  The  salt  is  washed  with  saturated  brine,  followed 
by  a  fine  spray  of  fresh  water,  and  is  stockpiled.  Most  of  the  crystallized  salt  produced  in 
the  United  States  is  marketed  as  undried  crude  salt,  containing  99.4  percent  sodium 
chloride.  The  remainder  is  kiln  dried  to  99.8  percent  sodium  chloride  and  vacuum-refined 
salt  with  a  purity  of  99.9  percent  sodium  chloride. 

The  entire  production  process  using  solar  evaporation  requires  the  use  of  extensive 
amounts  of  land  in  order  to  provide  the  maximum  exposure  of  brine  surface  to  the  sun  and 
the  atmosphere.  Other  evaporation  methods  are  used,  however,  that  require  less  land  but 
involve  the  use  of  far  more  complex  equipment.  In  evaporation  using  fuel,  the  two  main 
types  of  evaporators  used  by  the  salt  industry  are  vacuum  pans  and  grainers.  Vacuum  pans 
produce  fine  granulated  cubic  crystals,  whereas  grainers  produce  larger  hopper-shaped 
crystals  that  are  required  in  the  processing  of  some  foods  and  in  other  uses  demanding  a 
high  rate  of  solubility. 
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nrih  solar  and  fuel-fired  evaporation  are  also  used  in  the  processing  of  other  sodium 
minerals.  The  natural  form  in  which  sodium  carbonate  occurs  in  nature  is  either  in  solution 
(brine)  or  as  a  solid  mineral  of  which  trona  is  the  most  prevalent.  Each  type  of  deposit 
requires  a  specific  processing  method  to  handle  its  own  special  situation  to  best  advantage. 

Mined  trona  is  usually  dissolved,  making  an  artificial  brine,  and  recrystallized,  thereby 
eliminating  many  of  the  insoluble  impurities  and  permitting  the  recovery  of  sodium 
carbonate  crystals  of  the  desired  form.  In  the  treatment  of  natural  brines,  the  brine  is 
usually  first  evaporated  by  solar  means  to  as  high  a  concentration  as  possible.  The 
subsequent  recovery  of  sodium  carbonate  crystals  is  then  accomplished  by  direct 
crystallization  (if  sufficient  sodium  bicarbonate  is  present),  by  low  temperature 
crystallization  (to  precipitate  sal  soda),  or  by  the  absorption  of  carbon  dioxide  (to 
precipitate  either  trona  or  sodium  bicarbonate).  After  much  of  the  sodium  carbonate  salt 

has  been  precipitated  by  one  or  another  of  these  methods,  the  residual  brine  may  be  either 
recycled,  discarded,  or  further  processed.  137  y 

..  Vast  tonnages  of  natural  sodium  sulfate  are  available  from  a  great  number  of  deposits  in 
the  Wes|tern  States.  In  these  deposits,  sodium  sulfate  occurs  as  a  natural  brine  or  as  solid 
masses.  Most  deposits  are  composed  of  a  mixture  of  minerals,  but  many  are  essentially  pure 
sodium  sulfate  As  with  nearly  all  industrial  minerals,  each  deposit  requires  a  specific 
piocessing  method  to  handle  its  own  special  situation  to  best  advantage.  Some  producers  of 
sodium  sulfate  mine  relatively  clean  Glauber’s  salt  ( mirabilite )  and  dehydrate  it  The 
processes  of  producing  thenardite  (salt  cake)  and  mirabilite  from  natural  deposits  have 

ecome  highly  technical  and  are  used  with  some  complex  brines  to  produce  other  products 
in  addition  to  sodium  sulfate. 

The  effect  of  temperature  on  the  solubility  of  sodium  sulfate  in  water  plays  an 
important  part  in  its  production  and  purification  from  brines.  Mirabilite’s  solubility 
increases  up  to  90  degrees  F,  but  above  this  temperature  the  thernardite  form  becomes  the 
stable  phase  and  its  solubility  is  inversely  related  to  temperature  Thus  fractional 
crystallization  of  Glauber’s  salt  from  the  salt  cake  form  of  sodium  sulfate  is  possible.  The 
direct  solubility-temperature  relationship  of  mirabilite  below  90  degrees  F  is  used  to 
crystallize  it  from  brines  merely  by  chilling.  Brines  are  sometimes  sprayed  into  the  cold 
winter  air  at  some  properties  or  pumped  into  shallow  surface  ponds  when  outdoor 
temperatures  are  low  enough  to  cause  the  crystallization  of  mirabilite.  These  crystals  are 
,  Cn  j3t^red  an^  dehydrated.  Because  maximum  surface  exposure  to  the  atmosphere  is 
atsired,  these  methods  also  require  considerable  land  area  that  is  directly  related  to  the 
volume  of  production.  ' 


9.  Advanced  Processing  of  Metals 

The  advanced  processing  methods  used  in  the  production  of  metals  from  their  ores  also 
involve  relationships  between  the  amount  of  surface  area  used  and  the  volume  of 
production  The  surface  area  requirements  of  metallurgical  processes,  however  are  not 
mH ,a  ,y  a|S  d,rectlf  Proportional  to  the  volume  of  production  as  they  are  in  the  treatment  of 
mdus  rial  minerals.  Often  the  initial  or  minimum  requirements  for  even  a  small  amount  of 
metallurgical  processing  are  substantial.  For  large  properties  they  are  greater  but  not 
necessarily  in  exact  proportion  to  the  greater  volume  of  production. 

r-n  I*  lar8e  minimum  sPace  requirements  for  most  metallurgical  processing  plants  is  a 

eauinment°fF  ’e  COm,ple*“y  of ‘he  Processes  and  the  heavy  use  of  elaborate  machinery  and 
equipment.  For  most  of  the  base  metals,  the  advanced  processing  of  beneficiated  ores 
involves  operations  similar  to  those  shown  in  Figure  82  for  the  smelting  of  iron  and  the 
subsequent  production  of  steel.  u  ine 

One  of  the  first  unit  operations  used  where  wet  metalliferous  concentrates  are  the 
contactalith  thTholt  *S  dryUf  D7ing  !f  COmmonly  done  bV  bringing  the  wet  material  in 
by  oh!  Slf  a  part  ofro^Ling  °Und  “  ‘  dry'ng  fUmaCe  °f  W"’'  *"d  is  °fte"  Allowed 
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Roasting  is  the  heating  of  an  or  concentrate  to  effect  some  relatively  simple 
chemical  change  and  is  akin  to  calci  j  in  the  treatment  of  industrial  minerals.  Its  primary 
purpose  is  to  convert  metallic  suit  s  into  other  forms  (e.g.,  oxides,  sulfates)  that  are 
amenable  to  subsequent  treatment  There  are  oxidizing,  reducing,  chloridizing,  and 
sulfatizing  roasting  processes,  but  it  is  usually  an  oxidizing  process,  used  primarily  to  oxidize 
sulfide  mineral  with  air  to  facilitate  later  smelting.1 38  A  reducing  roast  consists  of  heating 
an  ore  or  concentrate  in  contact  with  coal  or  other  reducing  agents.  A  chloridizing  roast  is 
used  to  convert  certain  metals  into  chlorides  by  roasting  in  contact  with  chlorine  gas, 
sodium  chloride  (salt),  or  other  chlorine  bearing  compounds.  A  sulfatizing  roast  is  a 
modification  of  the  oxidizing  roast.  1 39 

In  addition  to  its  primary  purpose,  roasting  may  perform  other  functions  such  as  the 
removal  of  certain  impurities  by  the  volatilization  of  their  oxides.  These  impurities  include 
(in  most  ores)  sulfur,  arsenic,  antimony,  tellurium,  and  selenium.  A  reducing  roast  is  often 
employed  to  convert  iron-bearing  nonmagnetic  compounds  into  magnetic  compounds  as  a 
preliminary  process  to  magnetic  concentration.  Nonmagnetic  hematite  (Fe203),  for 
example,  may  be  converted  into  magnetite  (Fe304),by  employing  a  reducing  roast.  The  four 
most  common  methods  of  roasting  in  current  use  are  hearth  roasting,  flash  or  suspension 
roasting,  fluidization,  and  blast  or  sinter-roasting.  All  of  these  generally  involve  the  creation 
of  considerable  amounts  of  gaseous  wastes. 

Sintering  is  a  process  where  heating  causes  an  incipient  fusion  of  previously  divided  solid 
particles.  Some  materials  are  normally  given  a  sintering  roast,  such  as  in  the  use  of 
Dwight-Lloyd  machines  for  processing  lead  sulfide  ores  and  concentrates.  Sintering, 
however,  is  not  necessarily  roasting. 

Distillation  also  involves  the  heating  of  metals  or  metallic  compounds,  but  to  the  point 
of  vaporization,  and  the  subsequent  recovery  of  the  vapor  in  condensers  as  a  liquid  or  solid. 
Distillation  processes  are  used  only  for  metals  or  metallic  compounds  which  have  relatively 
low  boiling  points,  such  as  mercury,  cadmium,  and  zinc.  1  40 

Smelting  is  any  metallurgical  operation  in  which  metal  is  separated  by  fusion  from  those 
impurities  with  which  it  may  be  chemically  combined  or  physically  mixed.141  Smelting  is 
an  ancient  art,  and  it  is  interesting  to  note  that  copper  was  reduced  from  ores  by  smelting 
prior  to  recorded  civilization  and  that  iron  ore  was  smelted  before  the  year  3500  B.  C. 14  2 

The  products  of  a  smelting  furnace  are  in  a  liquid  state  except  for  the  dust  and  fumes 
which  are  carried  out  in  furnace  gases.  Crude  metal  and  slag  are  the  principal  liquids 
produced  in  a  reduction  smelting  process,  usually  performed  in  a  blast  furnace.  Liquid  matte 
and  slag  (waste  materials)  have  different  specific  gravities  and  are  immiscible 
liquids.  They  are  now  usually  produced  in  a  reverberatory  furnace.,  and  this  process  is 
sometimes  called  matte  smelting. 143  Today,  iron  smelting  represents  the  most  important 
use  of  blast  furnace  reduction  smelting.  The  smelting  of  copper  concentrates  is  an  example 
of  reverberatory  matte  smelting.  Both  produce  substantial  amounts  of  gaseous  wastes  as  well 
as  the  liquid  slag  which  solidifies  to  solid  waste  upon  cooling. 

Smelting  processes  produce  liquid  impure  metal  and  liquid  matte  which  must  be  treated 
further  by  a  process  known  as  converting.  This  is  a  process  of  removing  the  impurities  from 
molten  metal  or  metallic  compounds  by  blowing  air  through  the  liquid.  The  impurities  are 
changed  either  to  gaseous  compounds,  which  are  removed  by  volatization,  or  to  liquids, 
which  are  removed  as  slag. 144  In  converting,  the  creation  of  both  gaseous  and  other  wastes 
is  involved,  but  not  nearly  as  much  as  in  smelting.  Converting  is  carried  out  in  a  special 
furnace  known  as  a  converter  and  serves  either  to  remove  carbon,  silicon,  manganese,  and 
phosphorous  from  molten  pig  iron,  or  to  remove  sulfur  and  iron  from  the  molten  mattes 
formed  in  smelting  nonferrous  sulfides. 

l  ire  refi>iing  includes  a  number  of  processes  for  the  purification  of  the  relatively  impure 
metals  produced  in  nonferrous  smelting  and  converting.  Many  impure  metals  require  such 
refining  to  produce  an  acceptable  grade  of  material  to  meet  market  requirements.  Steel¬ 
making  is  essentially  a  fire  refining  process,  but  it  is  quite  different  from  nonferrous  fire 
refining  because  the  end  product  in  steel-making  is  an  iron  alloy  and  not  pure  iron.  In 


491 


492 


IRON  ORE 

I 

SMELT  IN  BLAST  FURNACE 


i - r 

SLAG  GASES 

I 

WASTE  OR  USE  IN  CEMENT 

MANUFACTURE  OR  AS  CRUSHED  ROCK  CLEAN 


USE  FOR  HEATING  BLAST  STOVES 
IN  GAS  ENGINES  OR  GENERAL 
FUEL  PURPOSES 


1 


PIG 

IRON 

r 

CUPOLA  OR  AIR  FURNACE 

i 

PUDDLING  FURNACE 

1  \  1 

IRON  MALLEABLE  I  ZING  SLAG 

WROUGHT^  SLAG 

CASTINGS  FURNACE 

IRON 

t  WASTE 

MALLEABLE 

CASTINGS 

T 

WASTE  OR  ADD 

TO  BLAST  FURNACE 
CHARGE 

’ 

BASIC  OXYGEN  FURNACE 


OPEN  HEARTH  FURNACE 
BESSEMER  CONVERTER 
ELECTRIC  FURNACE 


r 

STEEL 


\ 

CRUCIBLE  STEEL 

♦ 

CONTINUOUS 

\ 

CASE  HARDENING 

\ 

ELECTRIC  REFINING 

♦ 

RE-MELTING 

FURNACE 

1 

CASTING 

1 

FURNACE 

1 

FURNACE 

1 

FURNACE 

I 

▼ 

CRUCIBLE  STEEL 

V 

FABRICATED  INTO 
COMMERCIAL  SHAPES 

▼ 

CASE  HARDENED 
STEEL 

? 

ELECTRIC  STEEL 

\ 

STEEL  CASTINGS 

SLAG 

I 

WASTE  OR  BACK  TO 
BLAST  FURNACE 


FABRICATED  INTO  COMMERCIAL  SHAPES 


Fig.  82  -  The  advanced  processing  of  iron  ore  to  produce  a  useable  metallic  product  involves  many  unit 
operations  also  found  in  the  advanced  processing  of  other  metallic  ores  and  some  industrial  minerals. 
Various  waste  commodities  are  a  necessary  result  of  these  operations. 
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Fig.  83  -  Diagrammatic  representation  of  the  beneficiation  and  advanced  processing  phases  of  copper 
production.  Many  of  the  operations  now  used  in  copper  processing  are  also  used  in  the  production  of  other 
metals  and  some  nonmetals.  Virtually  all  nonfuel  minerals  production  involves  a  similar  flow  of  material 
through  various  stages  of  beneficiation  and  advanced  processing  to  yield  a  marketable  product.  Much  of  this 
work  must  be  done  at  or  near  the  mineral  deposit. 
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nonferrous  refining,  however,  crude  metal  is  processed  inio  a  standard  grade  of 
commercially  pure  metal. 

Hydrometallurgical  and  electrometallurgical  processes  are  also  commonly  used  in  the 
treatment  ot  metallic  ores  and  in  refining  impure  metals.  The  hydrometallurgical  methods 
are  in  many  ways  similar  to  those  in  use  in  processing  industrial  minerals  and  in  the 
extraction  of  metals  by  leaching  as  has  been  described  previously.  All  such  processes  require 
adequate  supplies  of  water,  but  few  generate  any  appreciable  amount  of  liquid  waste,  since 
most  is  recycled  in  the  process  to  gain  efficiency. 

Electricity  is  a  common  component  of  present-day  advanced  treatment  methods.  In 
producing  some  metals,  the  electric  furnace  has  gained  widespread  use,  but  in  these  it  is 
merely  another  source  of  heat.  Electricity  is  used  more  directly  in  electrolytic  refining  and 
electrowinning. 

The  electrolytic  refining  process  involves  suspending  suitably  shaped  metal  ingots, 
known  as  anodes,  in  an  electrolytic  bath.  Placed  between  the  anodes  are  sheets  of  the  same 
metal  in  a  refined  state  which  act  as  starters  or  cathodes.  Direct  electric  current  is  applied  to 
the  plates,  moving  through  the  anodes,  then  through  the  electrolytic  bath  and  into  the 
cathodes.  As  the  electric  current  passes  through  this  circuit,  the  metal  to  be  won  is  dissolved 
from  the  anodes  and  is  electro lytically  deposited  on  the  cathodes.  During  this  process,  the 
impurities  in  the  anodes  are  detached  and  either  fall  as  slime  to  the  bottom  of  the  tank 
containing  the  electrolyte  or  are  dissolved  in  the  electrolyte  from  which  they  must  be 
subsequently  removed. 

The  electrolytic  extraction  ( electrowinning )  of  metals  from  purified  leaching  solutions  is 
similar  to  the  refining  process.  The  layout  of  tanks  and  electrical  connections  is  similar  to 
the  electrolytic  refining  process,  but  the  anodes  are  made  of  a  material  that  is  insoluble  in 
the  leach  solutions.  Antimonial  lead  anodes,  for  example,  are  usually  used  in  the 

electrowinning  of  copper.  The  cathodes  and  starting  sheets  are  similar  to  those  used  in 
electrolytic  refining. 

In  electrowinning,  leach  solution  is  continually  being  added  to  the  tanks  as  the  metal  is 
being  deposited  on  the  cathodes.  Electrolyte  which  still  contains  considerable  metal  is 
reused  for  leaching  more  metal-bearing  material,  because  it  normally  has  a  high  free-acid 
content.  Nevertheless,  as  impurities  are  also  dissolved  in  the  leaching  process,  they  build  up 

in  the  acid  electrolyte  because  of  this  reuse,  and  these  impurities  must  be  periodically 
removed. 

The  electrolysis  of  igneous  fusions  is  primarily  used  for  the  extraction  of  metals  from 
ibcn  molten  salt  solutions.  Some  of  the  active  metals  such  as  aluminum,  magnesium, 
radium,  sirconium,  and  titanium  are  extracted  and  refined  by  this  method.  The  electrolytic 
rocess  for  extracting  and  refining  metals  from  their  molten  salt  solutions  is  performed  in  a 
cell,  the  shell  ot  which  is  used  as  a  cathode.  In  some  cases  a  carbon  shell  lining  serves  as  a 
cathode.  Anodes  made  of  carbon  or  graphite  are  suspended  into  a  molten  electrolyte. 
Electric  current  is  passed  into  the  anode  through  the  electrolyte  and  into  the  cathode.  Metal 
is  liberated  at  the  cathode  where  it  collects  in  a  pool  of  oxygen  and  is  usually  liberated  at 
toe  anode  where  it  combines  with  the  carbon  of  the  anode  to  form  carbon  monoxide  and 
carbon  dioxide.  During  electrolysis,  the  electrolyte  remains  molten  because  of  the  heat 
generated  by  the  resistance  it  offers  to  the  passage  of  electric  current.  Sometimes,  however, 
the  required  temperature  for  the  electrolysis  of  molten  electrolyte  must  be  maintained  or 
controlled  by  heat  supplied  from  outside  the  cell. 


10.  Other  Advanced  Processes 

The  input  materials  for  the  electrolytic  production  of  metals  are  not  always  those 
thought  of  as  metallic  ores.  Sodium  metal  is  produced  by  advancing  salt  (sodium  chloride) 
to  an  electrolytic  process.  Almost  all  sodium  metal  is  produced  in  the  United  States  by  the 
electrolysis  of  sodium  chloride  in  a  Downs  cell,  in  which  salt  is  fused  and  electrolyzed, 
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yielding  chlorine  at  the  anode  of  sc  n  metal  at  the  cathode.  As  in  other  metal  production 
methods,  gaseous  wastes  are  a  comr  and  frequently  abundant  by-product. 

In  a  similar  manner,  other  pro  s  techniques  commonly  thought  of  as  used  only  on 
metallic  ores  are  also  employed  in  ti  ting  industrial  minerals.  For  example,  phosphate  rock 
is  decomposed  by  three  fundamen.il  methods  in  order  to  obtain  products  suitable  for 
fertilizers  and  industrial  purposes.  These  three  methods  include  acid  treatment,  thermal 
reduction,  and  thermal  treatment  without  reduction.  In  the  acid  treatment  process, 
beneficiated  phosphate  rock  is  mixed  with  sulfuric,  phosphoric,  or  nitric  acid,  or  with  some 
combination  of  the  three.  \ 

Treating  phosphate  rock  with  sulfuric  acid  produces  either  ordinary  superphosphate  or 
phosphoric  acid.  If  ordinary  superphosphate  is  desired  as  a  product,  enough  sulfuric  acid  is 
added  to  high-grade  phosphate  rock  to  convert  the  phosphate  into  water  soluble 
monocalcium  phosphate.  Calcium  sulfate  is  also  produced  as  a  by-product  which  may  or 
may  not  be  useful.  It  is  not  usually  separated  from  the  mixture.  To  produce  phosphoric 
acid,  additional  sulfuric  acid  is  added,  and  the  resultant  phosphoric  acid  is  filtered  from  the 
insoluble  calcium  sulfate  mixture. 

Treating  phosphate  rock  with  phosphoric  acid  produces  triple  superphosphate. 
Phosphoric  acid  may  also  be  combined  with  potash  or  ammonia  to  produce  highly 
concentrated  fertilizer  salts,  such  as  potassium  phosphates  or  ammonium  phosphates.  Using 
nitric  acid  or  a  combination  of  nitric  and  another  acid  for  the  treatment  of  phosphate  rock 
has  not  been  used  extensively  in  the  United  States.  The  resulting  product,  because  of  the 
calcium  nitrate  content,  must  be  further  treated,  usually  with  ammonia,  to  produce  a 
suitable  fertilizer  product. 

The  thermal  reduction  method  involves  the  smelting  of  phosphate  rock  (i.e.,  phosphorus 
ore)  with  carbon  (as  coke)  and  a  siliceous  flux,  usually  in  an  electric  furnace.  The  resulting 
products  are  elemental  phosphorus,  ferrophosphorus,  carbon  monoxide,  and  calcium 
silicate.  The  elemental  phosphorus  is  then  volatilized,  condensed,  and  collected  under  water 
as  a  heavy  liquid.  The  calcium  silicate  is  tapped  from  the  furnace  as  a  molten  slag.  Small 
quantities  of  ferrophosphorus,  produced  from  the  iron  in  the  original  phosphate  rock,  are 
tapped  from  the  furnace  and  marketed  as  a  by-product.  Phosphoric  acid  is  subsequently 
produced  by  burning  the  elemental  phosphorus  and  hydrating  the  product.  The  phosphoric 
acid  is  then  usually  converted  into  various  fertilizer  or  industrial  phosphorus  compounds. 
Calcium  metaphosphate  is  produced  by  burning  the  elemental  phosphorus  in  a  chamber  into 
which  pulverized  phosphate  rock  is  blown.  The  phosphate  rock  and  phosphorus  oxide  react 
to  yield  molten  calcium  metaphosphate,  which  is  then  tapped  and  cooled. 

In  the  thermal  treatment  of  phosphate  rock  without  reduction,  several  processes  are 
currently  used.  One  entails  heating  phosphate  rock  with  alkali  salt  such  as  sodium  carbonate 
with  or  without  substantial  defluorination,  while  a  second  variation  involves  heating 
phosphate  rock  in  the  presence  of  water  vapor  to  defluorinate  the  rock  as  completely  as 
possible.  Still  another  method  is  the  fusion  of  phosphate  rock  mixed  with  magnesium 
silicate  (as  serpentine  or  olivine).  The  resulting  products  are  usually  not  treated  further 
(except  for  grinding  and  sizing)  before  their  use  as  agricultural  chemicals. 1  45 

The  greater  complexities  of  the  advanced  processing  methods  used  in  producing  both 
metals  and  industrial  minerals  have  resulted  in  substantial  increases  in  the  cost,  time,  and 
space  requirements  of  minerals  production.  For  virtually  all  commodities,  the  methods  and 
techniques  now  used  to  turn  out  a  final  product  require  greater  amounts  of  more  complex 
and  expensive  equipment,  which  in  turn  occupy  greater  land  areas  than  the  relatively  simple 
processes  of  1 860. 

1 1 .  Scale  of  Production 

Despite  the  increased  complexities  and  financial  requirements  of  modern  mineral 
production,  the  relatively  small  minerals  producer  has  remained  an  important  factor  in  the 
industry.  For  some  mineral  commodities,  small  operators  are  the  only  domestic  source. 
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■manta/  phosphorus  plants  such  as  this  near  Soda  Springs,  Idaho,  used  advanced  processing 
r  hat  are  more  commonly  thought  of  in  connection  with  metallic  ores  rather  than  industrial 

minerals  such  as  phosphates.  The  waste  slag  is  also  a  frequent  source  of  other  valuable  mineral  products. 

' 


e ,  rhat  constitutes  a  small  mine  is  an  arbitrary  matter.  In  general,  a  small  mine 
^  ined  as  one  with  a  production  of  less  than  300  tons  of  ore  per  day.  A 
/  mine  would  have  a  daily  rate  of  production  ranging  from  300  to  3,000  tons  per 
'  ”  a  large  mine  by  today’s  standards  would  have  a  daily  production  of  more  than 
Technology  has  created  an  additional  type  since  the  early  1900’s,  however,  and 
t  J  be  termed  the  very  large  mine,  with  production  greater  than  30,000  tons  per  day. 

V  other  category  that  existed  prior  to  1 872,  the  very  small  mine  with  a  daily  production  of 
'or:  r  less,  has  virtually  disappeared. 

c  arbitrary  classification,  most  underground  mines  in  the  United  States  are  in 
tu  medium-size  class.  Probably  no  more  than  20  of  the  nation’s  underground 
.educe  an  average  of  more  than  3,000  tons  per  day.  The  country’s  two  largest 
underground  metal  mines  are  block-caving  operations  which  have  capacities  of  around 
!  0,000  tons  per  day  each.  Magma  Copper  Company’s  San  Manuel  mine  produces  an  average 
40  000  tons  per  day  of  low-grade  copper  ore  and  is  presently  being  expanded.  The 
imax,  Colorado,  operated  by  American  Metal  Climax,  Inc.,  produces  more  than 
tor/';  per  day  of  low-grade  molybdenum  ore.  Most  of  the  larger  underground  mines  in 
ed  £  r  es  produce  from  3,000  to  9,000  tons  of  ore  daily. 

i  mines  vary  greatly  in  size,  from  those  handling  less  than  100  tons  of  ore  per 
,  cat  Bingham  pit  of  the  Utah  Division  of  Kennecott  Copper  Corporation  which 
ak  more  than  100,000  tons  of  ore  per  day.  Most  open  pits  in  the  United  States  produce 
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over  300  and  many  will  exceed  3,0C0  tons  per  day.  Of  the  nation’s  15  largest  open  pit 
operations,  all  have  capacities  in  excess  of  15,000  tons  of  ore  per  day  and  nearly  all 
commonly  handle  over  50,000  tons  of  combined  ore  and  waste  daily. 

There  is  a  relationship  between  the  mineral  commodity  produced  and  the  normal  size  of 
the  production  operation.  This  relationship  in  turn  is  based  in  part  upon  the  natural  mode 
of  occurrence  of  the  mineral  and  the  unit  value  of  the  product.  At  the  present  time,  the 
only  mines  that  tend  to  be  large-scale  operations  6f  over  3,000  tons  per  day  are  producers  of 
copper,  iron,  and  molybdenum  ores.  Typical  of  the  copper  mines  are  the  porphyry 
operations  in  Arizona,  New  Mexico,  Nevada,  a,nd  Utah.  Most  of  the  large  iron  mining 
operations,  however,  are  in  the  Lake  Superior  district,  although  there  are  also  such 
operations  in  California  and  Utah.  The  big  molybdenum  mines  are  only  three  in  number, 
two  in  Colorado  and  one  in  New  Mexico.  Molybdenum  is  a  common  by-product  of 
porphyry  copper  mining,  however,  which  also  tends  to  be  of  large  scale. 

Mineral  commodities  that  still  tend  to  support  smaller  mining  operations  are  numerous 
and  include  chromium,  manganese,  mercury,  silver,  tungsten,  and  uranium.  The  domestic 
mining  of  chromite  is  sporadic  and  of  very  small  scale.  Only  300,000  short  tons  of 
manganese  ore  and  manganiferous  ore  was  produced  from  three  western  states  and 
Minnesota  in  1967.  This  was  an  average  of  less  than  1,000  tons  per  day  total  output  of  all 
mines.  Although  domestic  mercury  production  was  up  in  1967,  less  than  440,000  short  tons 
of  ore  were  produced  at  1 22  mines,  an  average  of  less  than  1 5  tons  per  day  per  mine. 

Idaho’s  Sunshine  Mine,  the  nation’s  leading  silver  mine,  usually  produces  less  than  a 
thousand  tons  of  ore  daily.  The  Clayton  silver  mine  in  Idaho  produced  a  record  of  74,000 
tons  of  silver  ore  in  1967,  more  than  twice  the  average  production  of  the  previous  six  years, 
but  only  about  200  tons  per  day.  Much  of  the  country’s  silver  production  also  comes  from 
lead  and  zinc  mines  which  are  likewise  frequently  small  to  medium-size  operations. 

Tungsten  mines  tend  to  be  small  and  to  operate  sporadically  depending  on  the  metal’s 
price.  An  exception  is  the  Pine  Creek  Mine  of  the  Union  Carbide  Corporation  near  Bishop, 
California,  which  produced  at  a  rate  of  about  1,500  tons  of  tungsten  ore  per  day  in  1967. 
Uranium  mining  is  also  typically  small.  Approximately  500  uranium  mining  operations  in 
eight  states  produced  nearly  5.3  million  tons  of  ore  in  1967,  an  average  of  only  30  tons  per 
day  per  mine.  Several  New  Mexico  uranium  mines  produced  as  much  as  one  million  tons  in 
1967  (3,000  tons  per  day),  but  these  are  exceptionally  large  uranium  mines. 

Many  mineral  commodities  are  now  produced  by  both  large  and  small  operations. 
Metallic  mineral  commodities  that  support  small,  large,  and  medium  mining  operations  in 
the  United  States  include  bauxite,  gold,  lead,  titanium,  and  zinc.  Domestic  bauxite  mining 
operations  tend  to  be  small  to  medium  in  size,  with  over  95  percent  of  total  United  States 
output  coming  from  mines  operated  by  three  companies  in  Saline  County,  Arkansas.  Two 
large  gold  mines,  the  Homestake  in  South  Dakota  and  the  Carlin  in  Nevada,  contributed 
nearly  two-thirds  of  the  total  domestic  gold  production  in  1967,  and  a  significant 
production  of  gold  comes  as  a  by-product  in  the  large-scale  mining  of  copper.  Nevertheless, 
there  continues  to  be  a  small  but  dwindling  number  of  small  gold  mines  in  the  West.  One  of 
the  smallest  of  the  nation’s  gold  producers  is  an  individual  in  Central  California  who  collects 
gold  flakes  from  riffles  placed  in  commercial  sand  and  gravel  operations  on  the  San  Joaquin, 
Merced,  Tholumne,  Mokelumne,  and  American  rivers  in  California’s  original  placer  gold 
country.  Although  operating  as  an  individual  entrepreneur  on  a  “sharecrop”  basis  with  the 
sand  and  gravel  producers,  he  grosses  between  $4,000  and  $6,000  per  month,  with  his  own 
labor  and  transportation  virtually  his  only  cost  items. 146 

Lead  is  mined  in  several  Western  States  but  almost  half  of  the  nation’s  production  comes 
from  Missouri,  where  two  St.  Joseph  Lead  Company  mines  produce  about  3,000  tons  of  ore 
daily.  The  25  leading  zinc-producing  mines  in  the  United  States  in  1967  produced  75 
percent  of  total  domestic  zinc  production.  Each  of  these  mines  normally  produces  about 
300  tons  of  ore  daily,  but  a  few  occasionally  produce  more  than  3,000  tons  per  day. 

Industrial  minerals  that  are  commonly  produced  in  quantities  exceeding  1,000  tons 
daily  include  Frasch  process  sulfur,  phosphate  rock,  potash,  and  rock  salt.  The  13  Frasch 
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piocess  mines  in  operation  in  the  United  States  in  1967  produced  almost  eight  million  long 
tons  of  sulfur,  an  average  of  nearly  2,000  tons  per  day  per  mine.  All  of  this  production  came 
fou  Louisiana  and  Texas.  Most  of  the  nation’s  phosphate  rock  production  comes  from 
large  mining  operations  in  Florida.  The  largest  western  operation,  J.  R.  Simplot  Company’s 
Gay  Mine  in  Southeastern  Idaho,  produces  about  5,000  tons  daily.  Several  potash  mines  in 
New  Mexico,  producing  from  about  3,000  to  nearly  10,000  tons  of  crude  rock  daily, 
ibn  j  almost  90  percent  of  total  domestic  output.  Other  states  producing  potassium 
salts  on  a  large  scale  are  California  and  Utah. 

Rock  salt  is  mined  by  underground  methods  on  a  large  scale  in  Michigan,  Texas,  New 

*  0  ,G  Louisiana,  Ohio,  Utah,  New  Mexico,  and  Kansas.  The  room-and-pillar  method  is 
generally  used,  which  permits  a  high  degree  of  mechanization.  Salt  production  by  the  solar 
evaporation  of  brines  and  from  solution  mining  tends  (in  the  United  States)  to  be  on  a 
smaller  scale  than  the  production  from  conventional  underground  mining  methods. 

Industrial  minerals  used  in  construction  and  in  minor  chemicals  with  relatively  small 
demand  are  usually  mined  on  a  small  scale.  Most  of  the  barite  mined  before  the  1940’s  came 

*  1  '*  uai  deposits  which  were  small,  and  thus,  the  mining  operations  were  of  small 
scale.  There  is,  however,  a  growing  number  of  larger  operations  in  bedded  replacement 
deposits,  a  iew  of  which  now  approach  3,000  tons  of  ore  production  a  day. 

The  mining  of  fluorspar  from  fissure  veins  and  from  residual  deposits  tends  to  be 
sporadic  and  on  a  small  scale.  The  Illinois-Kentucky  district  has  been  the  world’s  largest 
producing  area,  but  few  mines  there  produce  more  than  1 ,000  tons  per  day. 

The  first  commercial  output  of  perlite  in  the  United  States  was  reported  in  1946.  In 
196  7,  more  than  600,000  tons  of  crude  perlite  were  mined  at  1 8  operations  in  nine  Western 
Mates,,  i or  an  average  of  less  than  100  tons  per  day  per  property.  Similarly,  pumice  and 
lCan*c  cinuer  production  in  1967  totaled  about  3.5  million  tons,  but  production  was  from 
er  1  ^O  small  operations  scattered  over  1 5  states.  Average  mine  output  was  only  about  60 
tons  per  day.  Other  construction  materials  operations  including  those  producing  gypsum, 
lirnet  one,  and  other  crushed  stone,  as  well  as  sand  and  gravel,  are  also  relatively  small, 
although  large  operations  are  not  uncommon  as  shown  in  Figure  85. 
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Fig  85  -  The  size  distribution  of  crushed  stone  plants  in  the  United  States  has  continued  to  reflect  the 
importance  of  the  small  producer  on  the  industrial  minerals  sector  of  tine  nation's  economy. 
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F.  CHANGES  IN  MINERAL  PRODUCTION  TO  1985 
1.  Expected  Changes  in  Mining  Operations 

There  is  little  doubt  that  changes  will  take  place  in  the  production  of  nonfuel  minerals 
in  the  United  States  between  now  and  1985.  Some  of  these  changes  will  be  evolutionary, 
while  others  will  be  truly  revolutionary.  Some  aspects  of  the  industry  will  probably  remain 
virtually  unchanged. 

a  ,e  biggest  changes  in  minerals  production  will  probably  come  in  mining  operations, 
although  there  should  also  be  significant  advances  made  in  beneficiation  and  advanced 
processing  as  well.  The  greatest  single  change  in  mining  will  be  the  shifts  from  one  general 
type  to  another.  In  most  cases,  this  will  involve  a  shift  from  underground  to  surface  mining, 
but  in  some  cases  it  may  entail  a  change  to  some  yet  untried  method.  There  will  also  be 
changes,  some  small,  some  substantial,  within  the  mining  systems  themselves. 

Actual  changes  within  mining  methods  themselves  will  probably  not  be  great  in  the  next 
1 5  years,  but  mining  unit  operations  will,  in  general,  grow  larger  with  larger  equipment  and 
greater  mechanization  resulting  in  higher  labor  productivity.  For  the  most  part,  changes  in 
mining  T  jus  will  be  instigated  by  the  availability  of  new  high-capacity  mining 
equipment.  Trends  in  use  of  mining  methods  are  expected  to  continue  in  the  same  direction 
as  in  the  past  20  years,  i.e.,  toward  the  increased  use  of  lower-cost  bulk  mining  methods. 

1  he  exhaustion  of  higher-grade  ore  deposits,  ever  increasing  unit  labor  costs,  and  society’s 
insatiable  demand  for  minerals  combine  to  make  this  trend  inevitable. 

!  he  recent  development  of  higher-speed  trackless  mining  equipment  and  the  potential 
for  the  low-cost  boring  of  drifts  should  make  the  room-and-pillar  and  stope-and-pillar 
methods  persistently  popular  in  appropriate  mineral  deposits.  Block-caving  should  continue 
to  produce  more  tonnage  than  any  other  underground  method.  Several  new  large 
block-caving  operations  are  even  now  in  various  stages  of  planning.  Longwall  mining  also 
o  iderable  promise  for  certain  commodities  if  continuous  hard  rock  excavators  can 
be  adapted  to  this  service.  Of  all  the  conventional  mining  methods,  longwall  mining  lends 
Usell  best  to  totally  remote  controlled  or  even  automated  operation.  Both  it  and 
block-caving,  although  underground  methods,  result  in  the  disturbance  of  the  overlying  and 
immediately  adjacent  surface  areas.  This  will  continue  to  be  a  problem  for  surface  land  use, 
but  may  also  encourage  the  increased  utilization  of  leaching  methods  and  thus  a  more 
complete  utilization  of  the  valuable  mineral  resources  in  a  given  deposit. 

‘ here  are  likely  to  be  many  changes  by  1985  in  mining  equipment.  The  relentless  battle 
1  f’eat<  productivity  is  a  continuing  challenge  to  mining  equipment  manufacturers.  It  is 
difficult,  however,  to  predict  exactly  what  new  mining  machines  will  appear  on  the  market 
in  the  next  15  years.  It  can  be  stated,  nevertheless,  that  the  characteristics  of  these  new 
machines  will  generally  be  the  same  as  those  in  other  industries.  They  will  result  in  higher 
productivity.  They  will  be  more  expensive,  more  complex  and  sophisticated,  and  they  will 
demand  a  higher  level  of  competence  on  the  part  of  maintenance  personnel. 

The  competition  between  cyclic  and  continuous  mining  methods  should  be  keen  in  the 
coming  years,  with  continuous  methods  making  more  inroads  in  hard-rock  mining.  Even 
today  a  significant  proportion  of  mine  development  openings  are  being  bored  rather  than 
rilled  and  olasted.  Such  techniques  will  probably  increase  development  capital 
requirements  but  reduce  development  time. 

Nuclear  explosives  present  an  intriguing  dilemma  in  offering  extremely  low-cost  energy 
units,  but  with  some  severe  and  perhaps  costly  disadvantages.  At  present,  nuclear  fracturing 
tor  in-p face  teaching  or  solution  mining  appears  to  be  the  most  promising  application  of 
nucjear  explosives  in  the  mining  industry.  Before  1985,  nuclear  explosives  will  probably  be 
useo  n  such  an  application,  but  this  will  undoubtedly  be  the  exception  rather  than  the  rule. 
Me  large  amount  of  unuseable  energy  in  a  nuclear  explosion,  plus  the  potentially  hazardous 
side  effects,  will  probably  prevent  widespread  usage  of  such  explosives  in  the  Western 
u?  Tates  within  the  next  two  decades.  Nevertheless,  in-place  leaching  of  ore  broken  by 
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Fig.  86  -  Underground  mining  with  nuclear  explosives  will  probably  be  in  at  least  limited  use  in  the 
Western  United  States  before  1985.  The  use  of  such  methods,  as  well  as  other  underground  techniques,  can 
result  in  surface  disturbance  such  as  this  mound  of  surface  rubble  produced  by  the  underground  detonation 
of  a  nuclear  device.  A  t  top  is  surface  subsidence  resulting  from  block  caving  operations.  (Photo  courtesy  of 
United  States  Bureau  of  Mines) 
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buried  nuclear  explosions  is  now  under  study  and  represents  a  potential  for  exploiting  what 
are  now  submarginal  deposits.  Even  now,  nuclear  devices  with  yields  of  100  kilotons  can  be 
obtained  in  cannisters  with  outside  diameters  of  only  1 1  inches.147 

inning  mineials  by  leaching  from  what  were  once  considered  submarginal  deposits  is  a 
growing  factor  today  in  total  domestic  metals  production.  At  the  end  of  World  War  II,  the 
production  of  copper  from  leaching  was  only  four  percent  of  the  total  production.  In  1963 
leaching  accounted  for  eight  percent  of  total  copper,  and  at  its  present  rate  of  growth  is 
expected  to  increase  to  20  percent  of  total  output  in  1975. 148  Hydrometallurgical 
techniques  now  under  development  by  a  number  of  companies  are  expected  to  permit  the 
extraction  of  metals  other  than  copper  and  uranium  in  the  near  future.  Potentially  leachable 
are  minerals  of  nickel,  zinc,  cobalt,  and  chromium. 

Placer  mining  in  the  United  States  has  been  used  mostly  in  the  recovery  of  gold.  Because 
oi  the  fixed  price  of  gold,  the  primary  mining  of  gold  has  declined,  but  it  is  a  trend  that 
'Ouiii  1  bange  in  the  future  under  a  higher  gold  price.  Floating  dredges  have  been  one  of  the 
lowest-cost  methods  of  placer  mining,  but  many  of  the  nation’s  placer  deposits  that  are 
readily  amenable  to  this  method  have  already  been  worked  one  or  more  times.  Those  that 
remain  are  not  likely  to  be  mined  soon  by  dredges  because  of  restrictive  legislation  regarding 
stream  pollution  and  rehabilitation.  Small-scale  placer  operations  have  all  but  passed  out  of 
the  picture,  both  because  of  the  high  cost  of  labor  and  because  of  restrictive  legislation.  In 
the  1970’s,  however,  the  West’s  once  booming  dredge  mining  industry  could  undergo  some 
resurgence  because  of  higher  gold  prices,  but  environmental  control  legislation  and  access  to 
economic  auriferous  gravel  deposits  will  undoubtedly  have  a  major  impact.  There  is  one 
realm  in  which  placer  mining  may,  again  regain  its  previous  significance.  That  is  in 
continental  shelf  mining.  As  one  authority  has  noted, 


Ottshore  placer  deposits,  other  than  those  being  mined,  present  a  tremendous 
challenge  and  potential  for  exploitation  when  justified  by  economic  conditions. 
The  complex  problems  of  search,  prospecting,  valuation,  equipment  and  methods 
lor  mining,  and  beneficiation  of  minerals  are  being  intensively  studied  by  a 
number  of  government  and  private  organizations.  The  Marine  Minerals 
Technology  Center  of  the  United  States  Bureau  of  Mines,  Tiburon,  California,  is 
one  of  the  important  agencies  concerned  exclusively  with  marine  mining  research. 
Initial  successful  ventures  within  the  near  future  are  a  reasonable  expectation, 
followed  by  gradual  expansion  as  techniques  are  proved  and  costs  and  value  of 
products  can  be  estimated  within  satisfactory  limits. 149 


2.  Changes  in  the  Importance  of  Different  Mining  Methods 

In  a  strictly  economic  and  technical  sense,  surface  mining  methods  probably  have  the 
greatest  potential  in  the  future  utilization  of  mineral  resources  in  the  West.  Surface  mining  is 
generally  more  advantageous  than  underground  mining  in  mineral  recovery,  grade  control, 
economy,  flexibility  ol  operation,  safety,  and  working  environment.  There  are,  however, 
many  deposits  that  are  too  small,  too  irregular,  and  too  deeply  buried  to  be  mined 
economically  by  surface  methods.  Furthermore,  even  where  ore  grade  mineralization 
extends  to  a  greater  depth  below  existing  open  pits,  the  rapidly  increasing  amount  of 
overburden  to  be  handled  imposes  economic  limits  beyond  which  mining  must  either  be 
abandoned  or  converted  from  open  pit  to  underground  operations. 

In  the  production  of  minerals  by  surface  methods,  the  greatest  share  is  accounted  for  by 
coal,  copper,  iron  ore,  clays,  gypsum,  phosphate  rock,  sand,  gravel,  and  stone.  The  future 
may  also  see  this  list  extended  to  uranium  because  the  potential  of  atomic  energy  as  a 
source  of  power  may  create  a  demand  for  greatly  expanded  production  of  its  minerals. 
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The  character  of  the  deposits  of  these  mineral  commodities  should  dominate  the  future 
development  of  and  the  choices  to  be  made  between  surface  and  underground  mining 
technology.  Other  minerals  such  as  lead,  zinc,  potash,  and  salt  will  probably  continue  to  be 
mined  in  large  volume  operations,  but  it  appears  unlikely  that  underground  methods  will  be 
challenged  successfully  by  surface  mining  because  of  the  peculiarity  of  the  physical 
environment  in  which  such  minerals  are  found. 

Future  available  copper  reserves  are  dominated  by  the  porphyry  coppers,  and  these  will 
probably  continue  to  be  mined  mostly  by  open  pit  methods  until  all  relatively  near-surface 
ores  are  exhausted.  The  deeply  buiied,  bedded  copper  deposits  of  Upper  Michigan  will 
continue  to  be  mined  from  underground. 

The  depths  of  existing  open  pit  mines  and  the  ratios  of  waste  to  ore  are  steadily 
increasing.  Furthermore,  open  pit  copper  mining  has  been  seriously  challenged  by 
block-caving.  The  minimum  grade  of  ore  necessary  to  sustain  profitable  production  at 
several  open  pit  copper  mines  is  in  fact  higher  than  for  the  industry’s  principal  block-caving 
mine.  It  will  be  technically  and  probably  economically  feasible  for  several  of  these  open  pits 
to  convert  to  underground  mining  in  the  future.  At  the  present  time,  however,  neither  the 
limits  to  the  improvement  of  surface  mining  nor  the  potential  for  improvement  of  caving 
methods  has  been  reached. 

Domestic  reserves  of  iron  ore  occur  predominantly  in  enormous,  massive,  and 
thick-bedded  deposits  situated  at  relatively  shallow  depths,  and  substantial  amounts  of  these 
reserves  contain  between  25  and  30  percent  iron.  The  ability  to  market  these  low-grade  ores 
economically  has  been  dependent  more  on  improved  mineral  beneficiation  than  on 
improved  mining  technology,  although  the  latter  has  also  been  a  significant  factor.  In 
Europe,  technology  of  mining  iron  ore  underground  has  advanced  considerably,  indicating 
that  underground  methods  are  nearly  competitive  for  mining  some  types  of  iron  ore 
deposits  at  greater  depths.  Nevertheless,  the  open  pit  mining  of  iron  ore  is  likely  to  continue 
to  dominate  the  future. 

Future  sources  of  most  nonmetallic  minerals  will  probably  not  differ  significantly  in 
physical  character  from  those  now  being  utilized.  Deposits  of  stone  suitable  for  commercial 
use  are  generally  in  the  form  of  thick  beds  (e.g.,  limestone,  dolomite,  sandstone)  or  massive, 
igneous  bodies  (e.g.,  basalt,  granite).  Gypsum  usually  occurs  in  beds  that  are  typically 
irregular  and  undulating,  but  relatively  horizontal.  Phosphate  rock  occurs  both  as  horizontal, 
unconsolidated,  post-marine  surface  deposits  and  as  inclined  beds  within  formations  of  other 
sedimentary  rocks. 

A  great  deal  of  the  nation’s  limestone  is  already  mined  from  underground  at  costs 
competitive  with  quarried  stone,  and  it  is  technically  and  economically  feasible  to  mine 
most  thick-bedded  or  massive  nonmetallic  deposits  from  underground.  This  in  fact  is  being 
done  where  the  unit  value  of  the  product  is  sufficient  to  support  underground  mining  and 
the  geologic  conditions  make  such  mining  necessary.  It  is  likely  that  deep  deposits  of 
high-quality  industrial  minerals  will  continue  to  be  mined  underground,  but  it  is  also  likely 
that  new  deposits  near  the  surface  will  become  more  attractive,  both  technically  and 
economically,  in  the  future. 

The  mining  methods  used  over  the  next  two  decades  will  probably  vary  considerably 
from  one  industrial  mineral  to  another.  Drastic  changes  in  the  relative  importance  of  the 
several  mining  methods  are  not  foreseen.  For  example,  at  the  present  time,  nearly  all  of  the 
nation’s  phosphates  are  mjined  by  surface  methods.  Under  the  technical  and  economic 
conditions  foreseeable  by  1985,  it  is  doubtful  if  the  percentage  of  phosphate  rock  mined  in 
the  United  States  by  surface  methods  will  increase  much  above  99  percent.  It  could, 
however,  go  to  100  percent  as  early  as  1975,  and  it  probably  will  not  drop  much  below  98 
percent  at  any  time  over  the  next  two  decades.  Drastic  changes  in  the  availability  of 
near-surface  deposits,  however,  could  cause  an  increase  in  the  importance  of  underground 
methods.  This  is  a  distinct  possibility  at  least  in  the  Western  Phosphate  Field  of  Idaho,  Utah, 
Wyoming,  and  Montana. 

If  the  trend  in  the  relative  importance  of  underground  mining  methods  in  the 
production  of  domestic  potash  that  existed  from  1947  to  1967  continues  to  1985,  then  by 
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1985  the  production  oi  potash  from  underground  mines  should  account  for  more  than  94 
percent  of  the  United  States  total.  The  persistence  of  the  1947  to  1967  trend  is  not  likely 
however,  under  foreseeable  changes  in  technical  and  economic  conditions.  Rather,  it  appears 
that  a  peak  share  for  underground  production  of  about  93  percent  was  reached  in  1961.  A 
more  realistic  forecast  for  1985  would  find  underground  methods  accounting  for  between 
85  and  90  percent  of  total  United  States  production  and  perhaps  as  little  as  75  percent.  This 

change  would  reflect  a  significant  growth  in  the  use  of  solution  mining  techniques  in  potash 
production. 


If  the  technical  and  economic  conditions  that  have  influenced  the  importance  of 
underground  mining  methods  in  the  production  of  sodium  chloride  salt  in  the  United  States 
since  1947  persist  to  1985,  then  by  that  year  underground  mining  methods  should  account 
for  approximately  one-third  of  total  domestic  production.  It  is  highly  likely,  however,  that 
the  trend  which  should  be  projected  to  1985  is  that  which  has  persisted  from  1957  to  1967 
under  conditions  of  increasing  demand  for  sodium  chloride  salt  for  both  its  sodium  content 
and  its  use  as  a  basic  raw  material  in  chemical  and  industrial  processes.  If  the  trend  of  only 
the  last  ten  years  is  projected,  then  the  proportion  of  salt  produced  from  underground 
operations  in  the  United  States  could  climb  as  high  as  45  percent  by  1985  and  will  probably 
exceed  30  percent  by  1 970. 

With  the  existing  and  expected  increase  in  the  emphasis  on  extracting  harmful  pollutants 
rom  industrial  wastes,  it  is  highly  probable  that  the  decline  in  the  importance  of  Frasch 
process  sulfur  in  the  United  States  that  has  already  occurred  will  continue  to  1985.  If,  in 
fact,  the  technical  and  economic  conditions  which  have  affected  the  decline  of  the  Frasch 
process  since  1950  persist  until  1985,  then  by  that  year  probably  no  more  than  80  percent 
of  the  nation  s  sulfur  will  come  from  Frasch  process  mines,  and  the  proportion  of  such 
^  noc1" 10  domest*c  outPut  could  fall  as  low  as  66  percent.  It  is  more  likely,  however  that  by 
198:>  approximately  70  to  75  percent  of  the  sulfur  produced  in  the  United  States  will  come 
from  hrasch  process  mines. 


ihis  decline  will  not  be  a  reflection  of  any  particular  inherent  weakness  in  the  Frasch 
process  as  a  method  of  removing  sulfur  from  the  earth,  but  rather  a  reflection  of  the 
importance  given  to  removing  sulfur  from  the  atmosphere.  By  1985,  about  one-fourth  of 
the  nation’s  sulfur  production  will  probably  come  from  treating  waste  gases  produced  in  the 
burning  of  sulfurous  fuels  such  as  coal  and  natural  gas  and  in  the  reduction  of  sulfide  ores  of 
various  metals.  Changes  in  advanced  processing  methods  in  metallic  minerals  production  will 
thus  have  a  direct  impact  on  nonmetallic  mining  methods. 

Changes  in  the  methods  of  base  metals  processing  have  already  had  effects  on  the  mining 
°,  °sh'  niefals  and  can  be  expected  to  do  so  even  more  in  the  future.  The  increased  use  of 

electrometallurgical  processes  is  likely  to  have  a  pronounced  influence  on  precious  and  rare 
metals  mining. 

I«  Hie  trend  which  has  persisted  from  1947  to  1967  continues  at  its  current  rate  then 

lne  p!r?ent  °*  gold  Producec*  from  surface  mining  methods  in  the  United  States  in*  1985 
shomd  be  between  41  percent  and  63  percent  of  total  United  States  gold  production.  This 
assumes,  of  course,  that  the  basic  conditions  governing  the  variation  in  the  percentage  of 
produced  by  surface  mining  methods  will  persist  essentially  as  they  did  from 
!94/  to  1967  straight  through  to  1985.  And  this,  of  course,  will  probably  not  be  the  case. 

A  significant  increase  in  the  amount  of  gold  produced  from  surface  mining  methods  was 
caused  by  the  introduction  of  gold  from  the  Carlin,  Nevada,  deposit  in  1965  Although 
other  similar  mines  will  come  into  production,  it  is  not  likely  that  there  will  be  another 
major  technological  change  in  the  production  of  gold  in  the  United  States  before  1985  The 
initiation  of  production  from  the  Carlin  type  deposits  has  been,  in  fact,  the  first  major  new 
development  in  gold  mining  since  the  1 850’s.  Therefore,  the  sharp  rise  in  the  proportion  of 

r°  \  P?ndAC6d  f(?m  surface  methods  will  probably  not  continue  to  rise  at  its  current  trend 
roin  to  1985,  and  gold  produced  as  a  by-product  from  advanced  processing 

operations  m  copper,  lead,  and  zinc,  as  well  as  silver  production,  will  probably  continue  to 
be  ot  major  importance. 
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If  the  trend  in  the  amount  of  gold  produced  from  surface  mining  methods  that  persisted 
from  1947  to  1964  is  projected  to  1985,  the  proportion  of  gold  produced  from  surface 
mines  in  the  United  States  in  that  year  should  te  about  30  percent.  It  the  current  level  o. 
production  from  surface  mining  methods  is  projected  to  1985,  at  that  time  it  should  be 
slightly  less  than  half  of  total  United  States  production.  This  latter  projection  (i.e.,  the 
projection  of  current  levels  of  production  at  the  slope  of  the  trend  line  which  was  achieved 
between  1947  and  1964)  is  the  most  likely  forecast  for  the  share  of  the  nation’s  gold  to  be 
produced  from  surface  mining  methods  in  1985. 

The  future  development  of  large,  relatively  low-grade  silver  deposits  such  as  those  near 
Calico  in  San  Bernardino  County,  California,  could  bring  to  the  silver  mining  industry  a 
technological  change  equivalent  to  that  of  the  opening  of  the  Carlin-type  deposits  in  the 
gold  mining  industry.  The  initiation  of  the  surface  mining  of  such  large  disseminated  silver 
deposits  would  undoubtedly  increase  substantially  the  amount  ot  silver  mined  in  the  United 
States  by  surface  mining  methods.  Under  the  assumption,  however,  that  the  conditions  in 
the  silver  mining  industry  that  affect  the  percentage  of  the  metal  coming  from  surface  mines 
will  persist  to  1985  as  it  did  from  1947  to  1967,  then  by  1985  approximately  one-fourth  of 
total  United  States  silver  output  will  come  from  surface  mines.  A  major  technological 
change,  however,  such  as  that  involved  in  the  utilization  of  large,  relatively  low-grade 
deposits  would  undoubtedly  raise  this  well  above  25  percent,  and  it  could  even  go  as  high  as 
35  percent.  Even  with  the  introduction  of  the  large-scale  surface  mining  of  silver  within  the 
next  five  to  ten  years,  however,  it  is  expected  that  the  major  portion  of  the  silver  produced 
in  the  United  States  in  1985  (i.e.,  two-thirds  to  three-fourths  of  the  total)  will  still  come 
from  underground  mines. 

It  is  highly  likely  that  new  technological  developments  foreseeable  in  the  copper  mining 
industry  may  again  cause  a  decline  in  the  percentage  of  ore  produced  by  traditional  surface 
mining  methods.  The  initiation  of  production  at  two  large  underground  copper  mines  in  the 
mid-1950’s,  thereby  producing  much  larger  amounts  of  copper  from  underground 
operations,  is  not  considered  to  be  just  a  sporadic  occurrence,  but  a  cyclical  event.  New 
technological  developments  in  the  underground  mining  of  copper  ore  in  the  United  States 
have  occurred  at  rather  frequent  intervals  and  therefore  may  be  expected  to  occur  again 
before  1985.  As  a  result,  it  is  not  appropriate  to  predict  the  importance  of  future  mining 
methods  solely  on  the  basis  of  a  trend  established  from  1958-1967,  but  rather  on  the  longer 
term  trend  from  1947  to  1967. 

Based  on  the  projection  of  trends  since  World  War  II  (and  with  confidence  limits 
established  at  two  standard  deviations  above  and  below  the  trend),  it  can  be  estimated  that 
in  1985  the  amount  of  copper  ore  produced  in  the  United  States  from  surface  mining 
methods  will  fall  between  82  and  94  percent  of  total  domestic  production.  It  should  be 
pointed  out,  however,  that  even  more  drastic  changes  in  mining  technology,  such  as  the 
large-scale  introduction  of  solution  mining  with  underground  nuclear  blasting,  could 
drastically  change  this  projection. 

Surface  mining  will  undoubtedly  be  of  much  greater  significance  in  iron  ore  production 
than  in  any  of  the  other  base  metals.  If  the  conditions  affecting  the  proportion  of  iron  ore 
produced  in  the  United  States  from  surface  mining  methods  that  existed  from  1947  to  1967 
continues  unchanged,  virtually  all  of  the  iron  ore  produced  domestically  will  come  from 
surface  mines  well  before  1985.  In  fact,  100  percent  surface  mining  oi  iron  ore  domestically 
could  be  reached  as  early  as  1970.  It  is  more  likely,  however,  that  the  100  percent  figure 
will  be  approached  in  the  early  1970’sand  perhaps  not  until  1975.  By  1978,  virtually  all  of 
the  iron  ore  produced  in  the  United  States  should  be  coming  from  surface  mines.  These 
projections,  of  course,  preclude  any  major  technological  or  economic  change  which  would 
again  rejuvenate  the  importance  of  underground  mining  methods  in  the  domestic 
production  of  iron.  Such  changes  are  likely  to  occur,  but  their  influence  and  timing  are 
unpredictable. 

High  unit  value  metals  are  less  likely  to  be  as  dominated  by  surface  methods  as  will  iron. 
A  projection  of  the  overall  trend  followed  by  the  relative  importance  of  surface  mining 
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methods  in  uranium  ore  production  in  the  United  States  from  1947  to  1967  yields  a 
forecast  that  by  1985  the  percentage  of  domestic  uranium  ore  produced  by  surface  mining 
methods  should  be  about  55  percent  of  the  total,  but  could  go  as  low  as  40  percent  or  as 
high  as  60  percent.  It  is  more  likely,  however,  that  a  somewhat  more  gradual  trend  will  be 
followed  in  the  mining  of  uranium,  which  is  still  and  will  probably  remain  a  relatively  high 
unit  value  commodity.  If  the  more  gradual  trend  is  projected,  the  percent  of  uranium  ore 
mined  in  the  United  States  by  surface  methods  in  1985  will  probably  be  somewhere  around 
40  to  45  percent  of  total  domestic  production.  Major  technological  changes,  however,  both 
on  the  demand  side  for  uranium  and  on  the  supply  side,  involving  both  the  mining  of  and 
exploration  for  uranium  deposits,  could  send  the  share  of  the  nation’s  uranium  mined  by 
surface  methods  above  50  percent  as  early  as  1970.  Pressures  for  the  reduction  in  the 
exposure  of  miners  to  radon  daughters  may  accelerate  the  trend  to  open  pit  or  solution 
mining  of  uranium  by  increasing  underground  mining  costs. 

The  mining  of  mercury  has  been  and  will  probably  continue  to  be  a  rather  sporadic 
venture  with  conditions,  both  economic  and  technological,  changing  abruptly  and  in 
different  directions.  If  such  does  prove  to  be  the  case  between  now  and  1985,  or  in  other 
words,  if  the  economic  and  technical  conditions  that  existed  from  1947  to  1967  continue  to 
vary  to  1985  as  they  have  since  the  end  of  World  War  II,  then  by  1985  a  little  more  than 
half  of  the  mercury  mined  in  the  United  States  should  come  from  surface  mines.  Actually, 
the  total  share  could  vary  anywhere  from  50  to  somewhat  over  60  percent.  If,  however,  the 
developments  that  have  taken  place  since  the  mid-1950’s  remain  essentially  unchanged,  then 
by  1985  the  proportion  of  mercury  produced  in  the  United  States  from  surface  mining 
methods  will  probably  not  be  much  above  one-third  and  could  be  as  low  as  only  20  percent 
of  the  national  total. 

Thus,  although  it  can  be  assumed  that  markets  for  increasing  amounts  of  mineral 
commodities  will  grow  merely  because  of  growth  in  population  and  per  capita  consumption, 
in  view  of  changes  that  are  already  evident,  it  cannot  be  assumed  that  conditions  will 
continue  to  favor  any  one  particular  method  of  mining  over  all  others  for  all  commodities. 
Rather,  it  is  apparent  that  the  relative  importance  of  different  mining  methods  in  the 
production  of  metallic  minerals,  elements  such  as  sulfur,  and  industrial  minerals  such  as 
potash  and  phosphate  has  been  changing  and  will  continue  to  change  at  least  until  1985.  For 
some  materials,  the  importance  of  underground  mining  methods  has  been  increasing  and 
may  be  expected  to  increase  over  the  next  20  years.  In  other  areas  and  for  other 
commodities,  surface  mining  methods  are  becoming  much  more  dominant.  For  certain 
commodities,  solution  mining  is  entering  the  picture  and  may  be  expected  to  become  more 
prevalent  long  before  1985.  The  relative  importance  of  different  mining  methods  is 
changing,  and  it  does  so  with  respect  to  the  commodities  being  produced,  their  geologic 
settings,  and  the  conditions  of  technology  and  economics. 

Public  policy  already  is  exerting  strong  pressure  favoring  a  reduction  or  elimination  of 
certain  methods  of  mining.  This  increasing  force  could  become  the  deciding  factor  in 
determining  the  future  trend  in  surface  vs.  underground  vs.  other  types  of  mining. 

The  principal  complaints  regarding  surface  mining  are  evident.  Many  are  critical  of 
altering  the  natural  aspect  of  the  land  by  strip  mining,  open  pits,  quarries,  or  sand  and  gravel 
pits,  by  the  accumulation  of  solid  waste,  by  the  pollution  of  streams  with  acids  and  fine 
solids,  and  by  filling  the  atmosphere  with  dust.  While  it  is  thought  by  many  that  conversion 
to  underground  mining,  or  elimination  of  surface  mining  wherever  feasible,  would  be  a 
major  step  toward  reducing  many  of  these  effects,  it  is  often  overlooked  that  the  most 
economical  and  efficient  methods  of  underground  mining  frequently  result  in  disturbance  of 
the  overlying  surface  in  a  manner  that  is  often  erratic  and  sometimes  unexpected. 
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3.  Changes  in  Production  from  the  Public  Lands 

Public  policy  will,  of  course,  be  most  heavily  felt  by  mineral  industries  operating  on  the 
public  lands.  The  full  extent  of  these  industries,  however,  is  not  known.  Because  to  date 
most  mineral  production  from  public  lands  for  which  adequate  records  have  been  kepi 
involve  those  minerals  that  fall  under  the  mineral  leasing  laws,  most  of  the  known 
production  from  public  lands  has  been  of  industrial  minerals  and  fuels.  The  most  important 
of  the  industrial  minerals  produced  on  public  lands  since  the  end  of  World  War  II  has  been 
potash.  In  1945  potassium  mineral  production  from  public  lands  was  valued  at 
approximately  25  million  dollars.  This  has  risen  rather  steadily  (with  only  slight  declines  at 
periodic  intervals)  to  nearly  1 10  million  dollars  in  1964.  Since  1965,  there  has  been  a  sharp 
decline  in  the  value  of  potassium  mineral  production  from  public  lands  in  the  United  States, 
with  the  value  of  the  total  output  dropping  to  70  million  dollars  in  1967,  down  from  about 
95  million  in  1966  and  almost  1 14  million  in  1965. 

If  the  trend  which  persisted  from  1945  to  1965  is  projected  to  1985,  then  the  total 
value  of  potassium  mineral  production  from  public  lands  in  the  United  States  in  that  year 
should  exceed  200  million  dollars.  The  validity  of  the  projection  of  this  trend  as  a  forecast  is 
questionable,  however,  because  of  the  sharp  decline  in  such  production  which  has  occurred 
within  the  last  three  years.  As  a  result,  no  meaningful  prediction  of  the  value  of  potash 
production  from  the  public  lands  in  1985  (or  in  fact  even  for  1970)  can  be  made  with  the 
data  currently  available.  The  same  is  true  for  virtually  every  other  nontuel  mineral 
commodity  currently  produced  on  the  public  lands  of  the  United  States. 
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